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Executive Summary 

CDM	Federal	Programs	Corporation	(CDM	Smith)	received	Work	Assignment	054‐RICO‐A282	
under	Remedial	Action	Contract	(RAC)	2	to	complete	a	remedial	investigation	(RI)	and	feasibility	
study	(FS)	for	the	United	States	Environmental	Protection	Agency	(EPA),	Region	2	for	the	Former	
Wolff‐Alport	Chemical	Company	(FWACC)	site	(Site)	located	in	Ridgewood,	Queens,	New	York.	
The	overall	purpose	of	the	work	assignment	is	to	evaluate	the	nature	and	extent	of	contamination	
at	the	Site,	identify	risks	and	hazards	to	human	health,	and	develop	and	evaluate	remedial	
alternatives,	as	appropriate.		

The	baseline	human	health	risk	assessment	(HHRA),	as	part	of	the	RI/FS,	is	developed	to	
characterize	potential	human	health	risks	associated	with	the	Site	in	the	absence	of	any	remedial	
action.	The	HHRA	is	conducted	in	accordance	with	current	EPA	guidance	outlined	in	Risk	
Assessment	Guidance	for	Superfund	(RAGS),	Parts	A,	D,	E,	and	F	and	other	EPA	guidance	
pertinent	to	human	health	risk	assessments.	The	HHRA	consists	of	sections	describing	site	
background	and	setting,	data	evaluation,	exposure	assessment,	toxicity	assessment,	risk	
characterization,	and	summary	of	risk	assessment.	

A	primary	human	health	risk	issue	for	FWACC	is	exposure	to	radiation	from	radionuclides	
released	during	thorium	processing.	Initial	evaluation	of	such	exposure	used	the	RESRAD	onsite	
model,	which	provides	risk	estimates	for	multiple	pathways	in	single	model	runs.	The	model	also	
evaluates	exposure	and	risk	over	time	to	account	for	in‐growth	and	decay	of	radionuclides,	EPA’s	
PRG	calculator	was	subsequently	used	to	provide	information	for	human	receptors	and	for	
exposure	pathways	that	resulted	in	the	highest	risk	estimates.	EPA	policy	dictates	that	these	
latter	estimates	be	used	to	support	risk	management.	

Site Background and Setting 
The	FWACC	property	is	located	at	1125	to	1139	Irving	Avenue	and	1514	Cooper	Avenue	in	
Ridgewood,	Queens,	New	York.	The	FWACC	property	covers	approximately	0.75	acre	bounded	by	
Irving	Avenue	to	the	southwest,	Cooper	Avenue	to	the	northwest,	and	an	active	cabinet	
manufacturer	to	the	east.	The	site	includes	these	properties	as	well	as	properties	outside	these	
boundaries	where	contaminants	may	have	migrated	or	threaten	to	migrate.	At	present,	the	
FWACC	property	is	covered	primarily	with	contiguous	structures	except	along	its	eastern	edge	in	
the	former	rail	spur	area,	which	is	unpaved	and	partially	covered	by	gravel.	Areas	surrounding	
the	FWACC	property	are	highly	developed	and	contain	light	industry,	commercial	businesses,	
schools,	and	multi‐family	residences.	

FWACC	operated	at	the	property	from	the	1920s	until	1954,	importing	monazite	sand	via	a	rail	
spur	and	extracting	rare	earth	metals	from	the	material.	Waste	byproducts	of	the	extraction	
process	included	thorium	and	to	a	lesser	extent	uranium	and	liquid	radioactive	wastes	(i.e.,	
process	liquors).	The	FWACC	disposed	of	process	liquors	into	the	sewer	until	the	fall	of	1947.	
Other	wastes,	including	waste	tailings,	were	buried	on	the	property.	Past	operations	and	disposal	
practices	of	the	FWACC	have	resulted	in	radiological	contamination	of	soil	beneath	and	around	
the	FWACC	facility	and	adjacent	buildings,	in	building	materials,	in	air	above	adjacent	sidewalks	



Executive Summary     

ES‐2 

and	streets,	and	in	sewers.	Radiological	contaminants,	specifically	thorium‐232	(Th‐232),	
uranium‐238	(U‐238),	radium‐226	(Ra‐226)	and	their	decay	chain	progeny,	pose	both	an	external	
hazard	from	gamma	emissions	as	well	as	an	inhalation	hazard	of	re‐suspended	soil	particulates	
and	radon/thoron	gasses.	

Data Evaluation 
The	data	evaluation	section	includes	a	description	of	sample	collection	and	analysis,	data	
usability	and	suitability	for	risk	assessment	purposes,	analytical	data	summary,	and	the	approach	
used	to	identify	chemicals	of	potential	concern	(COPCs)	and	radionuclides	of	potential	concern	
(ROPCs).	

Numerous	investigations	have	generated	a	substantial	amount	of	information	about	the	Site.	
Historical	site	activities	associated	with	the	FWACC	have	focused	sampling	of	site	media	of	
potential	concern	(soil,	building	materials,	and	air)	for	known	radionuclide	contaminants	and	
their	progeny.	Data	collected	during	the	RI	supplement	surveys	previously	performed	at	the	Site	
to	fill	data	gaps	and	complete	characterization	of	the	Site.	Samples	collected	during	the	RI	were	
primarily	collected	to	delineate	materials	contaminated	by	radioactive	waste;	however,	samples	
were	also	collected	for	non‐radiological	contaminants	to	determine	if	non‐radiological	
contamination	is	present.	Media	investigated	during	the	RI/FS	included	soil,	sediment,	
groundwater,	air,	and	building	and	sewer	construction	materials.	The	HHRA	used	laboratory	
analytical	data	collected	during	the	RI	and	previous	data	collected	during	the	Phase	I	and	Phase	II	
Environmental	Site	Assessment,	the	2010	New	York	City	Department	of	Design	and	Construction	
Final	Draft	Radiological	Scoping	Survey,	and	in	the	2014	Bureau	Veritas	North	America	/	New	
York	City	Department	of	Environmental	Protection	Assessment	of	Potential	Radiological	Impact	
Within	and	Adjacent	to	Combined	Sewer	System.		

COPCs	and	ROPCs	are	identified	based	on	criteria	outlined	in	RAGS,	primarily	through	
comparison	to	risk‐based	screening	levels.	COPCs	were	identified	for	surface	and	subsurface	soil	
and	groundwater	by	comparison	of	maximum	detected	concentrations	in	site	media	to	EPA	
regional	screening	levels	for	residential	soil	and	tapwater.	Maximum	detections	of	radionuclides	
in	site	media	were	compared	to	EPA	preliminary	remediation	goals	for	residential	soil	and	
tapwater	to	select	ROPCs.	COPCs	and	ROPCs	were	not	eliminated	based	on	comparison	to	
background;	the	contribution	of	exposure	to	COPCs	and	ROPCs	at	background	levels	is	evaluated	
in	the	risk	characterization	and	in	the	uncertainties.		

Twenty‐six	chemicals	are	identified	as	COPCs	in	soil	and	groundwater	at	the	Site.	COPCs	for	soil	
include	semi‐volatile	organic	compounds	(SVOCs),	pesticides,	a	polychlorinated	biphenyl	(PCB),	
and	metals.	COPCs	for	groundwater	include	volatile	organic	compounds	(VOCs)	and	metals.	
COPCs	are	listed	below.	

Soil	COPCs	

 SVOCs:	1,1’‐biphenyl,	2‐methylnaphthalene,	benzo(a)anthracene,	benzo(a)pyrene,	
benzo(b)fluoranthene,	benzo(k)fluoranthene,	bis(2‐ethylhexyl)phthalate,	indeno(1,2,3‐
cd)pyrene,	and	naphthalene	

 Pesticides:	p,p'‐dichlorodiphenyltrichloroethane,	dieldrin	



Executive Summary     

ES‐3 

 PCB:	Aroclor	1260		

 Metals:	aluminum,	arsenic,	hexavalent	chromium,	cobalt,	iron,	lead,	manganese,	mercury,	
selenium,	and	vanadium	

Groundwater	COPCs	

 VOC:	chloroform,	cis‐1,2‐dichloroethene,	tetrachloroethene	(PCE),	trichloroethene	(TCE).	

 Metals:	arsenic,	hexavalent	chromium,	cobalt,	iron,	mercury,	and	selenium	

 Radionuclides	identified	as	ROPCs	include	radionuclide	contaminants	and	their	progeny.	

Soil	ROPCs	

 Radionuclides:	Th‐232,	thorium‐228,	thorium‐230,	Ra‐226,	potassium‐40	(K‐40),	uranium‐
234,	uranium‐235,	and	U‐238		

Air	ROPCs	

 Radionuclides:	radon	(Rn‐222),	and	thoron	(Rn‐220)	

Groundwater	ROPCs	

 Radionuclides:	Th‐232,	Ra‐226,	and	K‐40		

Exposure Assessment 
The	exposure	assessment	describes	how	people	make	contact	with	site‐related	COPCs	and	ROPCs	
and	provides	equations	and	parameters	to	quantify	exposure.	Results	of	the	exposure	assessment	
are	integrated	with	chemical	and	radionuclide‐specific	toxicity	information	to	characterize	risks.	

Exposure	pathways	for	the	Site	are	defined	based	on	possible	source	areas,	COPC/ROPC	release	
mechanisms,	receptor	behavior	and	current	and	future	uses	of	the	Site.	Each	combination	of	these	
parameters	identifies	an	exposure	scenario,	named	for	the	receptor	in	question.	Exposure	
scenarios	in	the	risk	assessment	were	developed	for:	

 Current	and	future	commercial	indoor	workers		

 Current	and	future	industrial	workers		

 Current	and	future	trespassers		

 Current	and	future	public	users	of	the	FWACC	and	surrounding	area		

 Current	and	future	nearby	(off‐property)	residents	and	workers	

 Current	and	future	school	children	

 Future	construction/utility	workers		
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 Future	on‐property	residents	

Exposure	pathways	evaluated	for	the	above	receptors	include:	

 External	radiation	from	surface	and	subsurface	soil,	outdoor	surfaces,	and	interior	surfaces		

 Direct	contact	with	radionuclides	in	surface	soil	(i.e.,	ingestion,	inhalation,	and	external	
radiation)		

 Direct	contact	with	radionuclides	in	subsurface	soil	(i.e.,	ingestion,	inhalation,	and	external	
radiation)		

 Direct	contact	with	radionuclides	in	sewer	sediment	(i.e.,	ingestion	and	external	radiation)		

 Inhalation	of	ambient	air	during	exposure	to	sewer	sediment		

 Inhalation	of	radon	and	thoron	in	indoor	air		

 Direct	contact	with	chemicals	in	surface	and	subsurface	soil	(i.e.,	incidental	ingestion,	
dermal	contact,	and	inhalation	of	particulates)		

 Direct	contact	with	chemicals	in	groundwater	used	as	drinking	water	(i.e.,	ingestion,	dermal	
contact,	and	inhalation)	

 Inhalation	of	vapors	emanating	from	groundwater	

 Consumption	of	homegrown	produce	

Not	all	the	above	exposure	pathways	are	evaluated	for	every	receptor.	In	addition,	some	
pathways	are	evaluated	only	qualitatively	(e.g.,	vapor	intrusion).	

Risk	and	hazard	are	estimated	within	defined	boundaries.	These	exposure	areas	consider	the	
spatial	scale	over	which	exposure	occurs	as	it	relates	to	current	and	possible	future	activities.	The	
FWACC	is	a	complex	mixture	of	individual	properties	(lots)	and	facilities.	Exposure	areas	include	
FWACC	property	individual	lots,	Moffat	Street,	Irving	Avenue,	and	Cooper	Street/Avenue.	
Further,	an	early	action	has	increased	the	complexity	of	assessing	exposure	due	to	addition	of	
shielding	in	some	but	not	all	areas,	and	use	of	different	shielding	materials	(lead	and	concrete).		

Exposure	point	concentrations	(EPCs)	for	COPCs	or	ROPCs	are	used	in	the	exposure	assessment	
calculations	to	estimate	chemical	intake.	The	EPC	is	either	the	upper	confidence	limit	(UCL)	on	
the	mean	or	the	maximum	detected	concentration	for	chemicals,	with	the	UCL	exceeding	the	
maximum	concentration.	EPCs	are	calculated	using	data	from	each	exposure	area.	

Quantification	of	exposure	includes	evaluation	of	exposure	parameters	that	describe	the	exposed	
population	(e.g.,	contact	rate,	exposure	frequency	and	duration,	and	body	weight).	Each	exposure	
parameter	in	the	equation	has	a	range	of	values.	Daily	intakes	are	calculated	based	on	the	
reasonable	maximum	exposure	(RME)	scenario	(the	highest	exposure	reasonably	expected	to	
occur	at	a	site).	The	intent	is	to	estimate	a	conservative	exposure	case	that	is	still	within	the	range	
of	possible	exposures.		
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Central	tendency	exposure	(CTE)	assumptions	are	also	developed	when	estimated	risks	under	
RME	scenario	exceed	EPA’s	threshold	risk	range.	CTE	scenarios	reflect	more	typical	exposures.	
CTE	estimates	are	only	developed	for	non‐radioactive	COPC	because	even	background	
concentrations	of	ROPC	often	suggest	health	impacts	at	or	above	EPA’s	risk	range	for	residential	
exposure	situations.	

Toxicity Assessment 
COPCs	are	quantitatively	evaluated	on	the	basis	of	their	noncancer	and/or	cancer	potential.	
ROPCs	are	quantitatively	evaluated	based	on	their	cancer	potential.	The	reference	dose	and	
reference	concentration	are	the	toxicity	values	used	to	evaluate	noncancer	health	hazards	in	
humans.	Inhalation	unit	risk	and	slope	factor	are	the	toxicity	values	used	to	evaluate	cancer	
health	effects	in	humans.	These	toxicity	values	are	obtained	from	various	sources	following	the	
hierarchy	order	specified	by	EPA.	Cancer	slope	factors	provided	in	the	RESRAD	Onsite	Version	7.2	
model	and	the	EPA	PRG	Calculator	were	used	for	radionuclides.		

Risk Characterization 
Risk	characterization	integrates	the	exposure	and	toxicity	assessments	into	quantitative	
expressions	of	risks/health	effects.	To	characterize	potential	noncancer	health	effects,	
comparisons	are	made	between	estimated	intakes	of	substances	and	toxicity	thresholds.	Potential	
cancer	effects	are	evaluated	by	calculating	probabilities	that	an	individual	will	develop	cancer	
over	a	lifetime	exposure	based	on	projected	intakes	and	chemical‐specific	dose‐response	
information.	In	general,	EPA	recommends	target	risk	values,	(i.e.,	cancer	risk	of	10‐6	[1	in	1	
million]	to	10‐4	[1	in	a	10,000]	or	a	noncancer	health	hazard	index	[HI]	of	unity	[1]),	as	threshold	
values	for	potential	human	health	impacts.	These	target	values	aid	in	determining	whether	
remedial	action	is	necessary	at	the	Site.	

Risks	and	hazards	for	all	receptors	are	estimated	using	RME	assumptions.	Risks	due	to	exposure	
to	non‐radioactive	COPCs	are	also	estimated	using	CTE	assumptions	when	the	RME	assumptions	
result	in	risk	estimates	above	EPA’s	thresholds.	Radiological	risk	to	all	receptors	was	assessed	
using	RESRAD	onsite	model	Version	7.2,	a	model	developed	and	maintained	by	Argonne	National	
Laboratory.	The	online	EPA	PRG	Calculator	for	Radionuclides	was	used	to	provide	final	
radiological	risk	estimates	for	exposure	scenarios	with	the	highest	risk.	Estimated	risks	are	
summarized	below.	

Current	Receptors	Chemical	Risk	
Direct	exposure	to	COPCs	in	soil	is	limited	for	current	receptors	due	to	buildings	and	hardscape.	
In	addition,	groundwater	is	not	currently	used	for	any	purpose	at	or	near	the	FWACC;	therefore,	
direct	exposure	to	contaminants	in	groundwater	was	not	evaluated	for	current	receptors.	
However,	exposure	to	VOCs	in	groundwater	via	vapor	intrusion	was	qualitatively	assessed	by	
comparing	maximum	concentrations	of	VOCs	in	groundwater	to	EPA	Vapor	Intrusion	Screening	
Levels	(VISLs)	for	groundwater.	Some	VOCs	are	present	at	concentrations	that	exceed	
groundwater	VISLs.	VISLs	use	conservative	default	assumptions	that	may	overestimate	vapor	
intrusion	at	the	FWACC.		
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Current	Receptors	Radiation	Risk	
Complete	exposure	pathways	for	current	receptors	to	ROPCs	include	external	radiation	from	soil,	
external	radiation	from	outdoor	and	indoor	surfaces,	and	inhalation	of	radon	and	thoron	in	
indoor	air.	Cancer	risks	were	estimated	separately	in	RESRAD	for	non‐radon‐related	and	radon‐
related	exposure.	Non‐radon‐related	cancer	risk	for	commercial	indoor	workers	and	industrial	
workers	exceeds	EPA’s	target	cancer	risk	range,	primarily	due	to	external	exposure	to	Th‐232	
(over	90	percent),	with	the	remaining	fraction	associated	with	Ra‐226.	Inhalation	of	soil	
particulates	and	soil	ingestion	pathways	make	negligible	contributions	to	total	risk.	Cancer	risk	
due	to	exposure	to	radon	gas	was	estimated	to	be	significantly	higher	than	exposure	to	external	
gamma	radiation.	Data	collected	during	past	Site	investigations	indicated	that	a	remedial	
corrective	action	was	needed	to	limit	worker	and	public	exposures	to	external	radiation.	EPA	
installed	shielding	in	most	work	areas,	and	radon	mitigation	systems	in	some	areas	on	the	
FWACC	property	in	2013.	Shielding	was	effective	in	reducing	exposure	when	only	concrete	was	
used,	and	denser	steel	and	lead	shielding	used	provided	even	greater	protection.	

High	risk	estimates	(above	1×10‐4)	for	current	workers	suggest	some	potential	for	the	general	
public	to	experience	exposure	above	regulatory	thresholds.	The	general	public	would	encompass	
people	visiting	sidewalks	along	streets	at	and	near	the	Site	where	radionuclides	have	been	
transported	as	well	as	people	frequenting	businesses	at	and	near	the	Site.	Possible	exposure	for	
the	general	public	is	mitigated	by	the	installation	of	steel	and	lead	shielding	in	some	sidewalk	
areas	where	soil	contamination	is	greatest.		

People	living	and	working	in	the	neighborhood,	particularly	people	that	spend	significant	time	
along	streets	may	be	exposed	via	external	gamma	radiation.	In	some	locations	radionuclides	were	
transported	in	and,	perhaps,	around	sewer	lines.	Exposures	are	likely	to	be	less	than	exposures	
for	indoor	workers	at	the	Site	for	three	reasons.	First,	little	near‐surface	contamination	is	present,	
and	the	vadose	zone	and	sidewalks	and	other	hardscape	will	provide	shielding.	Second,	
radiological	contaminants	in	the	sewer	sediments	are	more	diffuse	and	well	shielded	by	the	
piping	and	overlying	street	pavement.	Third,	people	will	spend	less	time	than	indoor	or	industrial	
workers	on	the	streets	above	site‐related	contamination.		

Future	Receptors	Chemical	Risk		
Future	on‐property	residents	and	industrial	workers	were	quantitatively	evaluated	for	exposure	
to	COPCs	in	surface	soil.	These	exposure	scenarios	assume	that	FWACC	properties	will	be	
redeveloped,	exposing	contaminated	soils	in	some	locations.	Cancer	risks	exceed	EPA’s	target	
threshold	for	future	residents	and	is	at	the	upper	end	of	EPA’s	target	range	for	industrial	workers.	
Cancer	risks	are	due	primarily	to	exposure	to	Aroclor	1260	and	benzo(a)	pyrene	in	surface	soil.	
Hot	spots	for	these	COPCs	are	present	on	the	FWACC	property.		

Noncancer	health	hazards	associated	with	exposure	to	surface	soil	for	future	residents	exceed	the	
target	threshold	due	to	exposure	to	Aroclor	1260	which	affects	the	eye,	finger	nail,	and	immune	
system	and	selenium	which	affects	the	nervous	system,	blood,	and	skin.	Noncancer	health	
hazards	associated	with	exposure	to	surface	soil	for	future	industrial	workers	exceed	the	target	
threshold	due	to	exposure	to	Aroclor	1260.	

Future	on‐property	residents	and	commercial	indoor	workers	were	also	quantitatively	evaluated	
for	exposed	to	COPCs	in	groundwater	used	as	drinking	water.	Groundwater	is	not	currently	used	
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for	drinking	water	at	the	Site.	Future	potable	use	of	groundwater	is	unlikely	because	a	municipal	
water	supply	is	readily	available	and	serves	the	Site	and	vicinity.	Cancer	risk	exceeds	EPA’s	target	
threshold	for	future	residents	due	to	exposure	to	hexavalent	chromium	assumed	to	be	present	in	
groundwater	based	on	total	chromium	measurements.	Cancer	risk	for	future	commercial	indoor	
workers	is	at	the	upper	end	of	EPA’s	target	range.		

Noncancer	health	hazards	for	both	future	residents	and	commercial	indoor	workers	exceed	EPA’s	
target	threshold	due	to	future	hypothetical	use	of	groundwater	as	drinking	water.	Health	hazards	
are	primarily	due	to	exposure	to	PCE	and	TCE;	PCE	affects	the	liver	and	TCE	affects	the	kidney.		

Cancer	risk	for	future	construction/utility	workers	exposed	to	COPCs	in	surface/subsurface	soil	is	
within	EPA’s	target	range	of	1×10‐6	to	1×10‐4.	Noncancer	health	hazards	associated	with	exposure	
to	surface/surface	soil	for	construction/utility	workers	exceed	the	target	threshold	due	to	
exposure	to	Aroclor	1260.	

Future	Receptors	Radionuclide	Risk		
Total	cancer	risk	for	future	on‐property	residents	was	estimated	to	be	7×10‐3,	excluding	radon	
and	consumption	of	homegrown	produce.	Similar	risks	were	obtained	throughout	the	1,000‐year	
time	period	evaluated,	based	on	output	from	RESRAD.	Cancer	risk	was	dominated	by	external	
exposure	to	Th‐232,	which	accounts	for	80	to	90	percent	of	estimated	risk.	Total	cancer	risk	for	
exposure	to	radon	(8×10‐3)	and	thoron	(7×10‐5)	is	8×10‐3.	

Radon‐220	(Rn‐220),	a	daughter	of	Th‐232,	is	also	called	thoron	to	distinguish	it	from	radon‐222	
(Rn‐222)	in	the	U‐238	decay	chain.	The	term	“radon”	in	this	assessment	includes	both	Rn	
isotopes,	but	Rn‐222,	a	daughter	of	Ra‐226,	is	typically	responsible	for	almost	all	risks	associated	
with	radon	emanation.	

Cancer	risk	associated	with	consumption	of	homegrown	produce	is	1×10‐2.	Total	cancer	risk	
estimate	for	all	exposure	pathways	is	3×10‐2.	Based	on	RESRAD	output,	cancer	risks	are	highest	at	
year	10,	where	consumption	of	homegrown	produce	accounts	for	about	45	percent	of	the	total	
risk,	exposure	to	radon	accounts	for	about	32	percent	of	the	risk,	and	external	exposure	accounts	
for	about	22	percent	of	the	total	risk.	

Risks	for	both	indoor	commercial	and	industrial	workers	are	anticipated	to	be	much	the	same	as	
risks	for	current	workers.	Any	future	commercial	or	industrial	construction	is	likely	to	have	a	
substantial	on‐slab	foundation,	which	should	provide	much	the	same	shielding	as	the	shielding	
previously	put	in	place.	Total	cancer	risk	for	future	workers	considering	shielding	from	a	
concrete	foundation	ranged	from	3	to	4	×10‐3,	without	and	with	radon	exposure,	respectively.	
Cancer	risks	for	future	industrial	workers	range	as	high	as	5	×	10‐3	if	no	shielding	is	assumed.	

Future	development	of	the	Site	would	require	construction	workers	to	be	on	site	without	benefit	
of	shielding	for	up	100	work	days.	Although	this	exposure	is	short‐term,	taking	place	within	a	
single	calendar	year,	ground	shine	and	contact	with	contaminated	soils	would	be	intimate.	Cancer	
risk	for	construction	workers	would	be	about	5×10‐5.	For	utility	workers	exposed	to	sewer	
sediment,	cancer	risk	would	be	about	2×10‐4.	

Future	risks	for	the	general	public	and	for	offsite	receptors	are	assumed	to	be	similar	to	current	
risks	for	these	receptors.	No	changes	to	the	surrounding	neighborhood	were	contemplated	in	the	
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conceptual	site	model	for	the	Site,	and	without	remediation,	half‐lives	of	radionuclides	are	high	
enough	to	maintain	existing	exposure	levels	for	an	extended	period.	High	risk	estimates	(above	
1×10‐4)	for	workers	suggest	some	potential	for	the	general	public	to	experience	exposure	above	
regulatory	thresholds.	

Summary and Conclusions 
The	HHRA	presents	risk	estimates	for	various	scenarios	whereby	people	could	be	exposed	to	
COPCs	found	in	soil	and	groundwater	and	for	ROPCs	found	in	soil,	outdoor	and	indoor	surfaces,	
air,	and	sewer	sediment.		

In	general,	EPA	recommends	a	target	HI	value	of	unity	(1)	and	a	target	cancer	risk	range	of	1×10‐6	
to	1×10‐4	as	threshold	values	for	human	health	impacts.	Both	chemical‐	and	radiation‐related	
risks	are	high	relative	to	these	threshold	criteria.	Chemical	risks	for	future	receptors	exceed	the	
top	of	EPA’s	risk	range	or	approach	that	level	of	risk.	Chemical	risk	drivers	in	soil	include	
polycyclic	aromatic	hydrocarbons	and	Aroclor	1260.	Radiation	risks	frequently	exceed	the	top	of	
the	risk	range,	surpass	10‐3	in	several	instances,	and	the	highest	risks	exceed	10‐2.	High	cancer	
risk	estimates	are	not	unusual	for	radiological	contaminants	in	an	environmental	setting.	
Background	levels	of	radiation	exposure	in	residential	settings	can	be	associated	with	risks	
approaching	and	often	exceeding	EPA’s	risk	range.		

Risk	estimates	can	also	be	interpreted	in	terms	of	annual	radiation	dose,	which	is	a	common	
means	of	assessing	health	risk	in	the	nuclear	physics	community.	The	highest	annual	dose	
estimates,	which	approach	or	exceed	100	millirems	(mrem),	also	exceed	radiological	threshold	
criterion	of	12	mrem/year	for	residential	exposure	and	the	U.S.	Nuclear	Regulatory	Commission	
(NRC)	value	of	25	mrem/year	for	license	termination.		

Highest	site‐related	risks	are	due	to	external	exposure	to	gamma	radiation	and	to	inhalation	of	
radon	gas	that	collects	indoors.	Th‐232	is	responsible	for	over	90	percent	of	external	radiation	
exposure,	and	Ra‐226,	as	the	parent	of	Rn‐222,	is	responsible	for	a	similar	percentage	of	risk	due	
to	inhalation	of	radon.	Th‐232	and	Ra‐226	are	likely	to	be	primary	risk	drivers	for	risk	
management	decisions.	

Risk	are	above	EPA’	target	risk	range	for	consumption	of	homegrown	produce	if	a	significant	
fraction	of	the	fruits	and	vegetables	ingested	by	residents	are	grown	in	contaminated	soil.	
Exposure	to	Th‐232	via	plant	uptake	is	the	primary	risk	driver	for	this	pathway.	The	inclusion	of	
this	exposure	pathway	likely	overestimates	risks;	the	urban	location	of	the	site	is	not	conducive	
to	extensive	home	gardening.		

Groundwater	is	not	currently	used	as	drinking	water,	and	it	is	unlikely	to	be	used	as	such	in	the	
foreseeable	future;	however,	drinking	water	scenarios	were	evaluated	for	future	residents	and	
future	commercial	indoor	workers.	Chemical	risk	drivers	in	groundwater	at	the	Site	include	PCE,	
TCE,	and	hexavalent	chromium.	PCE	and	TCE	contaminant	plumes	originate	from	upgradient	
sources	and	are	unlikely	to	be	site‐related.	Risk	due	to	exposure	to	hexavalent	chromium	in	
groundwater	is	most	likely	overestimated	because	the	HHRA	assumes	that	hexavalent	chromium	
is	present	as	a	fraction	of	the	total	chromium	measured	concentration.	K‐40	eventually	could	
present	a	risk	via	consumption	of	contaminated	groundwater	but	not	for	several	centuries.	
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Moreover,	this	nuclide	is	unlikely	to	be	associated	with	releases	during	previous	site	operations	
and	probably	represents	naturally	occurring	K‐40	in	materials	brought	to	and	used	at	the	FWACC	
properties.	
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Section 1 

Introduction 

CDM	Federal	Programs	Corporation	(CDM	Smith)	received	Work	Assignment	(WA)	054‐RICO‐
A282	under	Remedial	Action	Contract	(RAC)	2	to	complete	a	remedial	investigation	(RI)	and	
feasibility	study	(FS)	for	the	United	States	Environmental	Protection	Agency	(EPA),	Region	2	for	
the	Former	Wolff‐Alport	Chemical	Company	(FWACC)	site	(Site)	located	in	Ridgewood,	Queens	
County,	New	York. As	part	of	the	RI/FS	process,	EPA	is	conducting	a	baseline	human	health	risk	
assessment	(HHRA)	to	determine	if	any	threat	to	public	health,	welfare,	or	the	environment	may	
exist	resulting	from	the	release	or	threatened	release	of	contaminants	at	or	from	the	Site.	This	
document	presents	the	HHRA.	

The	FWACC	property	is	located	at	1125	to	1139	Irving	Avenue	and	1514	Cooper	Avenue	in	
Ridgewood,	Queens	County,	New	York.	The	FWACC	property	covers	approximately	0.75	acre	
bounded	by	Irving	Avenue	to	the	southwest,	Cooper	Avenue	to	the	northwest,	and	an	active	
cabinet	manufacturer	to	the	east.	The	site	includes	these	properties	as	well	as	properties	outside	
these	boundaries	where	contaminants	may	have	migrated	or	threaten	to	migrate.	At	present,	the	
FWACC	property	is	covered	primarily	with	contiguous	structures	except	along	its	eastern	edge	in	
the	former	rail	spur	area,	which	is	unpaved	and	partially	covered	by	gravel.	Areas	surrounding	
the	FWACC	property	are	highly	developed	and	contain	light	industry,	commercial	businesses,	
schools,	and	multi‐family	residences.	

The	FWACC	processed	imported	monazite	sand	to	extract	rare	earth	elements	from	the	1920s	
until	1954.	Waste	byproducts	of	the	extraction	process	included	thorium	and	to	a	lesser	extent	
uranium	and	liquid	radioactive	wastes	(i.e.,	process	liquors).	The	FWACC	disposed	of	process	
liquors	into	the	sewer	until	the	fall	of	1947	when	ordered	by	the	Atomic	Energy	Commission	
(AEC)	to	cease	this	disposal	method.	Data	collected	during	multiple	investigations	have	indicated	
that	other	wastes	(e.g.,	waste	tailings)	were	buried	on	the	property.	Past	operations	have	resulted	
in	contamination	of	soil	by	thorium‐232	(Th‐232)	and	uranium‐238	(U‐238),	including	their	
decay	chain	progeny	up	to	a	depth	of	approximately	22	feet	below	ground	surface	(bgs).	Past	
operations	have	also	left	contamination	beneath	nearby	public	sidewalks	and	streets	and	within	
city	sewers.	

1.1 Overview of the Human Health Risk Assessment 
The	purpose	of	this	HHRA	is	to	quantify	current	and	possible	future	threats	to	human	receptors	
from	site‐related	environmental	contaminants	in	the	absence	of	any	remediation.	This	
information	is	developed	to	help	determine	whether	additional	remedial	efforts	are	needed.	In	
this	report,	exposure	pathways	and	human	receptors	are	identified	for	current	and	possible	
future	uses	of	the	Site.	Exposure	pathways	are	identified	based	on	the	sources	and	locations	of	
contaminants	on	the	Site,	the	likely	environmental	fate	of	contaminants,	and	the	location	and	
activities	of	exposed	populations.	The	HHRA	describes	exposure	points	and	routes	of	exposure	
for	each	exposure	pathway	as	well	as	underlying	assumptions	regarding	receptor	characteristics	
and	behavior	(e.g.,	body	weight,	ingestion	rate,	exposure	frequency).	The	HHRA	identifies	
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chemicals	of	potential	concern	(COPC),	radionuclides	of	concern	(ROPC),	and	exposure	point	
concentrations	and	assesses	the	toxicity	of	COPCs	and	ROPCs.	Finally,	the	HHRA	characterizes	
carcinogenic	risks	for	COPCs	and	ROPCs	and	noncarcinogenic	health	hazards	for	COPCs	
associated	with	each	complete	exposure	pathway.	Exposure	pathways	and	receptors,	exposure	
variables,	toxicity	values,	and	risk	estimates	are	presented	in	tabular	form	in	accordance	with	the	
standard	tables	of	Risk	Assessment	Guidance	for	Superfund	(RAGS)	Part	D	(EPA	2001a).	

The	HHRA	was	conducted	in	accordance	with	EPA	guidance	set	forth	in	the	following	documents	
or	the	most	recent	versions	thereof:	

 RAGS	Volume	I:	Human	Health	Evaluation	Manual	(Part	A)	(EPA	1989)	

 RAGS	Volume	I:	Human	Health	Evaluation	Manual	(Part	D,	Standardized	Planning,	
Reporting,	and	Review	of	Superfund	Risk	Assessments)	(EPA	2001a)	

 RAGS	Volume	I:	Human	Health	Evaluation	Manual	(Part	E,	Supplemental	Guidance	for	
Dermal	Risk	Assessment)	(EPA	2004)	

 RAGS	Volume	I:	Human	Health	Evaluation	Manual	(Part	F,	Supplemental	Guidance	for	
Inhalation	Risk	Assessment)	(EPA	2009)	

 RAGS	Volume	I:	Human	Health	Evaluation	Manual,	Supplemental	Guidance:	Standard	
Default	Exposure	Factors	(EPA	1991)	

 Exposure	Factors	Handbook	(EPA	2011a)	

 Soil	Screening	Guidance	for	Radionuclides:	Technical	Background	Document	(EPA	2000)	

 Human	Health	Evaluation	Manual,	Supplemental	Guidance:	Update	of	Standard	Default	
Exposure	Factors	(EPA	2014a)	

 Regional	Screening	Levels	(RSLs)	for	Chemical	Contaminants	at	Superfund	Sites	(EPA	
2016a)	

 Integrated	Risk	Information	System	(IRIS),	http://www.epa.gov/iris	(EPA	2016c)		

 Preliminary	Remediation	Goals	(PRGs)	for	Radionuclides	(EPA	2011b)	

 ProUCL	Version	5.1.002	User	Guide	(EPA	2015)	

 User’s	Manual	for	RESRAD	Version	6	(Argonne	National	Laboratory	Environmental	
Assessment	Division	2001)		

 User’s	Manual	for	RESRAD‐BUILD	Version	3	(Argonne	National	Laboratory	Environmental	
Assessment	Division	2003)		

 Preliminary	Remediation	Goals	(PRGs)	for	Radionuclides	User’s	Guide	(EPA	2017)		

A	primary	human	health	risk	issue	for	FWACC	is	exposure	to	radiation	from	radionuclides	
released	during	thorium	processing.	Initial	evaluation	of	such	exposure	used	the	RESRAD	model	
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(Version	7.2)	which	provides	risk	estimates	for	multiple	pathways	in	single	model	runs.	The	
model	also	evaluates	exposure	and	risk	over	time	to	account	for	in‐growth	and	decay	of	
radionuclides,	EPA’s	PRG	calculator	was	subsequently	used	to	provide	information	for	human	
receptors	and	for	exposure	pathways	that	resulted	in	the	highest	risk	estimates.	EPA	policy	
dictates	that	these	latter	estimates	be	used	to	support	risk	management.	

1.2 Report Organization 
This	HHRA	is	composed	of	eight	sections,	with	tables	and	figures	presented	at	the	end	of	the	text.	
The	organization	of	the	report	and	the	contents	of	each	section	are	described	below.	

Section	1	 Introduction	–	Provides	an	overview	of	the	objectives	and	organization	of	the	
HHRA.	

Section	2	 Site	Background	and	Setting	–	Briefly	describes	the	site	location	and	description,	
site	history,	site	geology	and	hydrogeology,	demography,	and	land	use.	

Section	3	 Data	Evaluation	–	Summarizes	sample	collection	and	analysis,	analytical	data	and	
data	usability,	and	presents	the	identification	of	COPCs	and	ROPCs.	

Section	4	 Exposure	Assessment	–	Presents	a	conceptual	site	model	(CSM)	and	identifies	
exposure	pathways	and	receptor	populations	under	both	current	and	future	land	
use	scenarios.	Methods	for	calculating	exposure	point	concentrations	(EPCs)	and	
exposure	parameters	are	also	presented	in	this	section.	

Section	5	 Toxicity	Assessment	–	Discusses	the	relevant	toxicity	information	on	the	identified	
COPCs	and	ROPCs.	

Section	6	 Risk	Characterization	–	For	COPCs,	the	risk	characterization	integrates	the	toxicity	
and	exposure	assessments	into	quantitative	and	qualitative	expressions	of	risk	
and	discusses	uncertainties	associated	with	the	risk	estimates.	Radionuclide	risks	
estimated	in	RESRAD	are	presented.	Cumulative	chemical	and	radionuclide	risks	
are	discussed.		

Section	7	 Summary	of	the	Human	Health	Risk	Assessment	–	Summarizes	the	results	of	the	
risk	assessment	and	presents	conclusions	based	on	the	results.	

Section	8	 References	–	Lists	references	cited	in	this	report.  	
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Section 2 

Site Background and Setting 

This	section	describes	the	site	and	its	location,	site	history,	local	geology	and	hydrogeology,	
demography,	and	land	use.	This	information	is	used	to	develop	site‐specific	exposure	scenarios.		

2.1 Site Description 
The	FWACC	site	is	located	in	Ridgewood,	Queens	County,	New	York,	at	the	county	border	with	
Brooklyn	(Figure	2‐1).	The	site	includes	the	FWACC	property	as	well	as	properties	outside	these	
boundaries	where	contaminants	may	have	migrated	or	threaten	to	migrate	(Figure	2‐1).	

The	triangular	FWACC	property	covers	about	0.75	acres	on	Lots	31	(partial),	33,	42,	44,	46,	and	
48	of	Queens	Borough	Block	3725.	Properties	are	bounded	by	Irving	Avenue	to	the	southwest,	
Cooper	Avenue	to	the	northwest,	and	an	active	cabinet	manufacturer	(5606	Cooper	Avenue)	to	
the	east.	At	present,	the	property	is	covered	with	contiguous	structures	except	along	its	eastern	
edge	in	the	former	rail	spur	area.	Buildings	include	a	2‐story	masonry	and	frame	building	housing	
a	delicatessen/grocery,	office	space,	unoccupied	residential	apartments	on	the	second	floor,	with	
an	attached	one‐story	masonry	building	housing	a	tire	shop	and	former	mini‐ATV	shop	(1125	
Irving	Avenue;	Lot	46);	a	1‐story	masonry	building	with	an	auto	repair	shop	and	office	space	
(1514	Cooper	Avenue;	Lot	48);	a	1‐	story	masonry	building	housing	an	auto	body	shop	(1127	
Irving	Avenue;	Lot	44);	and	two	1‐story	masonry	warehouses	(1129	Irving	Avenue;	Lot	42	and	
1133‐1139	Irving	Avenue;	Lot	33).	The	former	rail	spur	(Lot	31)	adjacent	to	the	FWACC	buildings	
is	fenced,	covered	with	gravel‐like	material,	and	used	as	an	automobile	storage	and	parking	area	
by	the	auto	repair	shop.	The	non‐fenced	portion	of	the	former	rail	spur,	which	is	not	adjacent	to	
the	FWACC	buildings,	is	partially	vegetated.		

The	neighborhoods	surrounding	the	FWACC	property	contain	light	industry,	commercial	
businesses,	and	residences.	The	sidewalk	and	street	along	Irving	Avenue	are	typically	filled	with	
vehicles	being	serviced	by	businesses	at	the	property.	The	intersection	of	Irving	Avenue	and	
Moffat	Street	(i.e.,	the	southeastern	corner	of	the	subject	property)	is	an	active	area	for	trailer	
parking	and	unloading.	Three	apartments	over	the	delicatessen/grocery	are	currently	
unoccupied,	and	other	housing	begins	across	the	street	on	both	Cooper	and	Irving	Avenues.	
Former	warehouses	at	338	Moffat	Street,	in	close	proximity	to	the	Site,	are	now	used	for	
residential	purposes.	The	residential	area	in	the	vicinity	of	the	FWACC	is	densely	populated	and	
contains	multi‐family	homes	and	apartments.	A	public	elementary	and	intermediate	school	
(P.S./I.S.),	Frances	E.	Carter	School	(K384),	is	located	within	¼	mile	southwest	of	the	FWACC	on	
Kings	County	Tract	409,	Block	2002,	at	242	Cooper	Street.	The	Audrey	Johnson	Daycare	is	located	
within	¼	mile	south	of	the	FWACC	at	272	Moffat	Street.	A	nearby	building	on	Moffat	Street	houses	
a	circus	training	facility	where	families	with	children	spend	the	day.	An	active	rail	line	passes	
within	125	feet	southeast	of	the	subject	property;	the	Cemetery	of	the	Evergreens	is	located	to	the	
east	and	south	of	this	rail	line	and	covers	over	225	acres.		
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2.1.1 Risk Issues 
Past	operations	and	disposal	practices	of	the	FWACC	have	resulted	in	radiological	contamination	
of	soil	beneath	and	around	the	FWACC	facility	and	adjacent	buildings,	in	building	materials,	in	air	
above	adjacent	sidewalks	and	streets,	and	in	sewers.	Soils	are	contaminated	with	Th‐232	and	U‐
238	and	their	decay	chain	progeny.	Gamma	radiation	from	the	U‐238,	Th‐232	and	their	decay	
chain	progeny	may	pose	a	hazard	to	people	who	work	at,	pass	through	or	live	or	work	in	the	
vicinity	of	the	FWACC	property.	Residual	Th‐232,	U‐238,	and	their	decay	chain	progeny	in	source	
materials	may	pose	a	threat	from	multiple	exposure	pathways.	These	pathways	may	include	
external	exposure	from	gamma	radiation,	inhalation	and	ingestion	of	radiologically	contaminated	
particulates	when	soils	or	building	materials	are	disturbed,	and	inhalation	of	radon	(Rn‐220	and	
Rn‐222)	and	radon	progeny	in	those	locations	where	radon	gas	diffuses	into	occupied	building	air	
spaces.		

2.2 Site History 
FWACC	operated	at	the	property	from	the	1920s	until	1954,	importing	monazite	sand	via	a	rail	
spur	and	extracting	rare	earth	metals	from	the	material,	the	byproduct	of	which	was	a	
concentrated	thorium	residue.	Monazite	contains	approximately	6	to	8	percent	or	more	of	
thorium.	Until	1947,	FWACC	disposed	of	the	thorium	waste	from	monazite	sand	processing	in	the	
sewer	(process	liquors)	and	by	burial	on	the	property	(waste	tailings).	According	to	the	U.S.	
Department	of	Energy	(DOE),	the	AEC	ordered	FWACC	to	halt	sewer	disposal	of	thorium	waste	in	
the	fall	of	1947.	Thereafter,	thorium	was	precipitated	as	thorium	oxalate	sludge	and	sold	to	the	
AEC.	Documents	indicate	that	FWACC	sold	approximately	53,000	pounds	and	238	drums	of	
thorium	oxalate	sludge	to	the	AEC	from	1948	to	1954	and	offered	400	pounds	of	thorium	nitrate	
for	sale	to	the	AEC	in	1954.	

During	its	years	of	operation,	the	FWACC	occupied	three	structures	under	the	address	of	1127	
Irving	Avenue.	The	operation	also	included	two	yard	areas:	one	between	the	former	company's	
buildings	facing	Irving	Avenue	and	the	other	on	the	eastern	end	of	the	property	at	the	northern	
end	of	Moffat	Street.	These	former	yard	areas,	now	occupied	primarily	by	structures,	were	
reportedly	used	as	staging	areas	for	monazite	sands	or	waste	tailings	containing	Th‐232.	The	
FWACC	did	not	operate	out	of	1125	Irving	Avenue	or	1514	Cooper	Avenue,	but	these	properties	
are	also	affected	by	radioactive	materials.	At	various	times	after	operations	ceased,	the	buildings	
that	housed	FWACC	operations	were	subdivided	by	sealing	access	ways	between	walls.		

Numerous	radiological	surveys	by	New	York	City,	state,	and	federal	agencies	have	identified	
radioactivity	above	background	levels	within	areas	of	the	FWACC	property	buildings;	in	soils	
beneath	and	around	the	FWACC	facility	and	adjacent	buildings;	and	above	adjacent	sidewalks,	
streets,	and	sewers.	Because	of	soil	contamination	at	the	FWACC	property,	exposure	rates	have	
been	established	that	trigger	response	actions	to	minimize	public	exposure.	Elevated	levels	of	
radiation	exceeding	these	exposure	rates	were	detected	along	Irving	Avenue,	including	areas	
occupied	and	transited	by	workers	and	members	of	the	public.		

Since	October	2012,	EPA	has	conducted	additional	monitoring	and	mitigation	activities	at	the	
FWACC	property	and	vicinity.	Surveys	conducted	in	October	and	November	2012	confirmed	
elevated	radiation	levels	in	some	areas.	In	December	2012	and	February	2013,	radon	and	thoron	
monitoring	in	onsite	buildings	found	elevated	readings.	In	April	2013,	EPA	installed	fencing	at	the	
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site	and	shielded	portions	of	radioactive	soil	with	rock	and	clean	fill	to	reduce	accessibility	to	the	
waste	material.	Additional	shielding	consisting	of	lead,	steel,	and	concrete	was	installed	within	
several	structures	at	the	FWACC	property	and	along	a	portion	of	the	Irving	Avenue	sidewalk.	A	
radon	mitigation	system	was	also	installed	at	the	property.	These	activities	were	completed	in	
December	2013.	Following	the	placement	of	the	shielding	and	radon	mitigation	system,	EPA	
conducted	surveys	that	showed	exposure	rates	had	been	reduced	between	69	to	94	percent	at	the	
subject	properties.	Radon	concentrations	had	decreased	by	more	than	half.		

The	site	was	listed	on	the	National	Priorities	List	on	May	12,	2014.		

2.3 Previous Investigations 
Many	investigations	at	and	in	the	vicinity	of	the	FWACC	have	been	conducted	since	2009.	
Highlights	from	some	of	the	investigations	are	summarized	in	this	section.	Previous	
investigations	are	described	in	detail	in	the	RI	and	include:	

 2010	New	York	City	Department	of	Design	and	Construction	(NYCDDC)	Phase	I/Phase	II	
Environmental	Site	Assessment	Reports	for	the	Former	Wolff‐Alport	Chemical	Corporation	
Site	(Louis	Berger	and	Associates	[LBA]	2010a,b)	

 2010	NYCDDC	Final	Draft	Radiological	Scoping	Survey	for	the	Former	Wolff‐Alport	
Chemical	Corporation	Site	(LBA	2010c)	

 2012	U.S	Department	of	Health	and	Human	Services	Agency	for	Toxic	Substances	and	
Disease	Registry	(ATSDR)	Health	Consultation	(ATSDR	2012)	

 2013	Hazard	Ranking	System	(HRS)	Documentation	Record	for	the	Wolff‐Alport	Chemical	
Corporation	Company	(EPA	2013)	

 2014	Bureau	Veritas	North	America	(BVNA)/New	York	City	Department	of	Environmental	
Protection	(NYCDEP)	Assessment	of	Potential	Radiological	Impact	Within	and	Adjacent	to	
Combined	Sewer	System	near	the	Former	Wolff‐Alport	Chemical	Corporation	Facility	
(BVNA	2014)	

 2014	Multi‐Agency	Former	Wolff	Alport	Chemical	Company	Neighborhood	Radiological	
Assessment	(New	York	State	Department	of	Health	[NYSDOH]	et	al.	2014)	

 2014	Weston	Solutions,	Inc./EPA	Radiation	Assessment	and	Response	Action	Report	for	
the	Former	Wolff‐Alport	Chemical	Company	Site	(Weston	Solutions,	Inc.	2014)	

 2014	ATSDR’s	Supplement	to	the	2012	Health	Consultation	(ATSDR	2014)	

 Other	files	and	records	from	the	U.S.	Geological	Survey	and	other	federal	sources		

During	an	investigation	conducted	by	the	NYCDDC	in	2009	and	2010,	waste	tailings	consisting	of	
black	or	gray	ash‐like	material	were	found	in	soil	beneath	FWACC	buildings,	beneath	the	
sidewalks	and	asphalt	surfaces	of	Irving	Avenue	and	Moffat	Street,	and	in	surface	soil	of	the	
former	rail	spur.	The	depth	of	visibly	contaminated	soil	is	typically	within	the	top	1	to	4	feet	
under	the	pavement	or	ground	surface;	however,	lenses	of	waste	tailings	are	present	at	greater	
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depths	in	some	areas.	Th‐232	concentrations	up	to	1,133	picocuries	per	gram	(pCi/g)	were	
reported	in	soil	samples	containing	waste	tailings,	whereas	background	was	reported	to	be	0.5	to	
1.0	pCi/g.	Ra‐226	in	soil	samples	was	reported	at	levels	ranging	from	0.1	to	154.2	pCi/g.	Gamma	
radiation	levels	above	the	background	range	of	6	microroentgens	per	hour	(µR/hr)	to	13	µR/hr	
were	recorded	throughout	most	of	the	property.	Interior	gamma	measurements	above	
background	were	also	recorded	in	buildings	at	the	FWACC.	One	of	the	key	components	of	the	Th‐
232	decay	series	is	radon‐220,	a	radioactive	gas	commonly	and	hereinafter	referred	to	as	thoron,	
which	emanates	from	surfaces	where	Th‐232	is	present.	During	the	NYCDDC	investigation,	
thoron	was	detected	in	the	deli	basement	at	a	concentration	of	12.7	picocuries	per	liter	(pCi/L).		

In	September	2012,	EPA	collected	gamma	exposure	rate	measurements	and	thoron/radon	
concentration	measurements	on	and	around	the	perimeter	of	contaminated	areas	and	at	
background	locations.	Gamma	radiation	measurements	identified	hot	spots	along	the	former	rail	
spur	and	on	sidewalks	and	streets	adjacent	to	the	former	facility.	They	identified	a	contaminated	
area	(i.e.,	the	source	area)	‐‐	defined	as	the	extent	to	which	the	gamma	exposure	rates	equal	or	
exceed	two	times	the	site‐specific	background	exposure	rate	‐‐	extending	throughout	most	of	the	
subject	property	and	in	some	adjacent	street	and	sidewalk	areas.	The	highest	thoron	
concentration,	366	pCi/L,	was	observed	at	the	former	rail	spur	area.	The	radon	concentrations	
were	all	less	than	4.85	pCi/L.	This	maximum	is	somewhat	higher	than	the	threshold	for	
mitigation	of	4	pCi/L	recommended	by	EPA1.	This	level	is	based	to	a	degree	on	what	can	be	
achieved	technologically	in	many	homes.	Reduction	to	levels	around	2	pCi/L	can	be	achieved,	
however,	with	currently	available	mitigation	technologies	in	many	cases,	and	EPA	recommends	
such	reduction	where	possible.	

Recent	investigations	have	indicated	that	residual	contamination	still	exists	in	or	around	the	
sewer	lines	downstream	of	the	facility.	During	periods	of	heavy	flow	such	as	rainstorms,	
combined	sewer	overflows	(CSOs)	discharge	from	this	combined	sewer	system	to	Newtown	
Creek	west	of	the	subject	property.	In	2013,	BVNA	performed	an	investigation	on	behalf	of	
NYCDEP	to	assess	the	current	impact	to	the	sewers	in	the	vicinity	and	downgradient	of	the	
FWACC	property.	Results	of	soil	borings	found	no	contaminated	soils	along	the	sewer	lines	except	
for	those	adjacent	to	the	FWACC	property.	However,	surveys	in	the	sewers	did	detect	radiological	
constituents	above	background	concentrations	at	least	as	far	downgradient	as	the	intersection	of	
Irving	Avenue	and	Halsey	Street	(approximately	0.25	mile	from	the	FWACC).	

A	health	consultation	was	conducted	by	the	ATSDR	in	2012.	A	supplement	to	this	health	
consultation	was	prepared	in	2014	using	more	recent	data	for	radon,	thoron,	and	gamma	
radiation	and	the	results	of	occupancy	studies.	The	public	health	consultation	analyzed	the	new	
data	for	radon,	thoron,	and	gamma	radiation	and	determined	whether	the	proposed	shielding	
materials	would	reduce	the	radiation	exposure	to	a	level	protective	of	the	public.	ATSDR	found	
that	a	public	health	hazard	exists	for	workers	in	areas	without	appropriate	shielding;	however,	
appropriate	shielding	reduces	radiation	exposure	to	levels	protective	of	public	health.	Levels	of	
radon‐222	in	several	locations	exceeded	the	recommended	EPA	limit	for	residential	areas.	EPA	
addressed	these	concerns	by	installation	of	shielding	and	radon	mitigation	systems	in	2013.		

																																																																		

1	See	https://www.epa.gov/sites/production/files/2016‐
12/documents/2016_a_citizens_guide_to_radon.pdf	
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While	numerous	radiological	surveys	have	been	conducted,	additional	radiological	survey	
information	was	collected	in	the	RI/FS	to	close	data	gaps	and	reduce	the	uncertainty	related	to	
performing	an	HHRA.	These	additional	data	are	used	along	with	selected	previously	collected	
data	to	conduct	the	HHRA	and	are	discussed	in	Section	3.	

2.4 Site Geology and Hydrogeology 
2.4.1 Site Geology 
The	Site	is	located	at	the	western	end	of	Long	Island,	which	is	comprised	of	a	southeasterly	
thickening	wedge	of	unconsolidated	sediments	deposited	atop	metamorphic	bedrock.	The	Site	is	
at	an	elevation	of	about	70	feet	above	mean	sea	level,	and	the	ground	surface	generally	slopes	
gently	to	the	southwest.	The	ground	surface	elevation	rises	to	as	high	as	160	feet	above	mean	sea	
level	in	the	cemetery	area	to	the	east	of	the	site.	Soil	borings	conducted	during	the	RI/FS	
encountered	two	types	of	unconsolidated	material:	fill	and	the	glacial	till	or	outwash	deposits	of	
the	Upper	Glacial	aquifer.		

The	fill	is	characterized	by	the	presence	of	manmade	materials	(e.g.,	brick,	coal,	construction	
debris,	asphalt,	concrete,	and	other	various	building	materials),	intermixed	with	silt,	sands,	and	
gravels.	Waste	tailings	are	present	in	the	fill	in	some	areas	on	the	FWACC	property	and	below	
adjacent	streets/sidewalks.	The	fill	ranges	in	thickness	at	the	Site	from	0	to	about	15	feet	bgs.		

In	the	site	area,	upper	Glacial	aquifer	soils	extend	from	the	bottom	of	fill	(0	to	15	feet	bgs)	to	
about	170	feet	bgs.	The	upper	zone	(from	approximately	25	to	37	feet	bgs)	is	made	up	of	glacial	
till	consisting	of	dense	silty	sand	and	gravel.	Material	underlying	the	glacial	till	is	glacial	outwash,	
slightly	more	uniform	and	coarser	in	texture.	Regional	studies	show	the	Upper	Glacial	Aquifer	is	
underlain	by	the	Gardiners	Clay	(approximately	50	feet	thick).	

2.4.2 Site Hydrogeology 
Three	aquifers	run	the	length	of	Long	Island,	which	includes	Brooklyn	and	Queens	Counties:	the	
Upper	Glacial,	which	is	the	shallowest;	the	Magothy,	which	is	the	middle	layer,	and	the	Lloyd,	
which	is	the	deepest.	The	three	aquifers	are	separated	by	layers	of	clay.		

Depth	to	water	at	the	Site	is	about	56	to	59	feet	bgs.	Based	upon	the	geologic	literature	(Soren	
1978),	the	base	of	the	Upper	Glacial	Aquifer	is	assumed	to	be	the	Gardiners	Clay,	about	170	feet	
bgs.	The	saturated	thickness	of	the	aquifer	is	estimated	to	be	about	110	feet.	Groundwater	flows	
in	a	generally	southerly	direction	at	a	horizontal	gradient	of	about	0.0006	feet	per	linear	foot.	The	
hydraulic	conductivity	of	the	unit	was	estimated	to	be	about	30	feet/day	by	slug	tests.		

Because	the	FWACC	is	located	in	a	highly	urbanized	area,	infiltration	of	precipitation	is	largely	
restricted	due	to	the	high	percentage	of	ground	surface	covered	by	pavement	and	buildings.	The	
large	cemetery	just	east	and	topographically	higher	than	the	Site	is	mostly	unpaved	and	allows	
more	infiltration	of	precipitation	than	surrounding	areas.	Stormwater	in	the	majority	of	the	site	
area	is	directed	into	a	combined	sewer	system.	The	FWACC	property	sits	at	the	head	of	a	branch	
of	the	sewer	system.	
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2.4.3 Site Meteorology 
Under	the	Köppan	climate	classification,	New	York	City	experiences	a	humid	subtropical	climate.	
Temperatures	range	from	a	daily	mean	in	January,	the	coldest	month,	of	32.6°	Fahrenheit	(F)	to	a	
daily	mean	in	July,	the	warmest	month,	of	76.5°F.	The	average	annual	precipitation	is	49.94	
inches.		

The	Village	of	Garden	City	is	located	on	west‐central	Long	Island,	southeastern	New	York,	where	
the	climate	is	temperate	maritime.	Climate	is	more	influenced	by	the	ocean	than	by	the	adjacent	
mainland.	It	is	characterized	by	mild	winters	and	relatively	cool	summers	and	is	free	from	sudden	
or	extreme	changes	in	temperature.	The	average	annual	temperature	is	about	51°F,	the	average	
January	temperature	is	about	30°F,	and	the	average	July	temperature	is	about	70°F.	The	
maximum	annual	temperature	is	95°F,	and	the	minimum	annual	temperature	is	0°F.	The	
maximum	and	minimum	observed	temperatures	are	102	and	‐20°F.	The	growing	season	on	Long	
Island	is	about	180	to	200	days,	from	the	end	of	April	to	the	end	of	October.	During	the	average	
year,	the	percentage	of	possible	sunshine	ranges	from	about	50	percent	in	January	to	65	percent	
in	July	and	averages	62	percent	during	the	growing	season.	Prevailing	winds	are	from	the	west,	
shifting	from	the	southwest	in	summer	to	the	northwest	in	winter.	Average	wind	speed	is	about	
12	miles	per	hour.	

Precipitation	is	the	only	source	of	freshwater	for	streams	and	groundwater	in	the	Hempstead	
area.	Average	precipitation	is	about	42	inches	per	year;	included	within	this	value	is	an	average	
annual	snowfall	of	25	to	30	inches,	most	of	which	falls	between	December	and	March.	Most	
snowstorms	occur	in	February.	

2.5 Demographics and Land Use 
Queens	County	is	an	urban	area	comprised	of	108.53	square	miles.	The	estimated	population	of	
Queens	County	in	July	2014	was	2,321,580.	Based	on	2010	Census	data	for	King’s	County	and	
Queens	County,	a	total	of	approximately	6,160	people	reside	within	¼	mile	of	the	FWACC.	The	
borough’s	population	included	28	percent	Hispanic	or	Latino;	26.2	percent	white	alone,	not	
Hispanic	or	Latino;	25.8	percent	Asian	alone;	20.8	percent	black	or	African	American	alone;	1.3	
percent	American	Indian	and	Alaska	Native	alone;	0.2	percent	Hawaiian	and	Other	Pacific	
Islander	alone;	and	2.8	percent	two	or	more	races.	Slightly	over	one	quarter	of	the	population	was	
less	than	18	years	old,	and	13.6	percent	of	the	population	was	more	than	65	years	old.	For	the	
period	2010	to	2014,	5.8	percent	of	the	population	under	the	age	of	65	report	a	disability	(U.S.	
Census	Bureau	January	2016).		

The	median	household	income	in	2014	dollars	for	the	period	2010	to	2014	was	$57,210.	
Approximately,	15	percent	of	individuals	are	below	the	poverty	level	(U.S.	Census	Bureau,	
January	2016).		

The	neighborhoods	surrounding	the	property	contain	light	industry,	commercial	businesses,	and	
residences.	The	residential	area	is	densely	populated	and	contains	multi‐family	homes	and	
apartments.	The	P.S./I.S.,	Frances	E.	Carter	School	(K384),	is	located	within	¼	mile	southwest	of	
the	FWACC	on	Kings	County	Tract	409,	Block	2002,	at	242	Cooper	Street.	The	Audrey	Johnson	
Daycare	is	located	within	¼	mile	south	of	the	FWACC	at	272	Moffat	Street.	A	nearby	building	on	
Moffat	Street	houses	a	circus	training	facility	where	families	with	children	spend	the	day.	An	
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active	rail	line	passes	within	125	feet	southeast	of	the	subject	property;	the	Cemetery	of	the	
Evergreens	is	located	to	the	east	and	south	of	this	rail	line	and	covers	over	225	acres.		

Groundwater	at	or	near	the	Site	is	not	used	as	drinking	water.	Drinking	water	is	provided	by	the	
New	York	City	Water	Supply	System,	which	is	supplied	from	a	network	of	19	reservoirs	and	three	
controlled	lakes.	A	groundwater	supply	system	in	southeastern	Queens,	consisting	of	68	supply	
wells,	44	well	stations,	and	several	water	storage	tanks,	has	been	offline	since	2007	(New	York	
City	Environmental	Protection	2016).	 	
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Section 3 

Data Evaluation 

The	purpose	of	data	evaluation	is	to	determine	the	usability	of	existing	data	for	risk	assessment.	
Data	evaluation	for	risk	assessment	purposes	typically	involves	screening	of	available	data	and	
selection	of	data	subsets	that	are	of	adequate	quality	and	quantity,	and	that	best	represent	
exposure	potential	at	a	site.	These	data	are	then	used	in	selection	of	COPCs	and	ROPCs	in	
estimation	of	exposure	point	concentrations	used	in	the	calculation	of	possible	exposures.		

This	section	presents	a	summary	of	analytical	data	that	have	been	collected	to	support	the	
quantitative	HHRA,	discussions	of	the	screening	process,	and	identification	of	COPCs	and	ROPCs	
based	on	the	risk	assessment	screening	process.		

3.1 Summary of Data Used in the HHRA 
Numerous	investigations	have	generated	a	substantial	amount	of	information	about	the	Site.	
Historical	site	activities	associated	with	the	FWACC	have	focused	sampling	of	site	media	of	
potential	concern	(soil,	building	materials,	and	air)	for	known	radionuclide	contaminants	and	
their	progeny.	Data	collected	during	the	RI	supplements	surveys	previously	performed	at	the	Site	
to	fill	data	gaps	and	complete	characterization	of	the	Site.	Samples	collected	during	the	RI	were	
primarily	collected	to	delineate	materials	contaminated	by	radioactive	waste;	however,	samples	
were	also	collected	for	non‐radiological	contaminants	to	determine	if	non‐radiological	
contamination	is	present.	

Media	investigated	during	the	RI/FS	included	soil,	sediment,	groundwater,	air,	and	building	and	
sewer	construction	materials.	Samples	were	collected	during	the	RI/FS	from	September	2015	to	
May	2016.	These	data	as	well	as	historical	data	discussed	below	were	used	to	support	the	
quantitative	HHRA.	Soil	and	aqueous	samples	for	chemical	analyses	were	analyzed	by	Shealy	
Environmental	Services,	Inc.,	West	Columbia,	South	Carolina.	Soil,	sediment,	aqueous	and	
concrete	radiological	samples	were	analyzed	by	American	Radiation	Services,	Port	Allen,	
Louisiana	and	the	Greenwich	Environmental	Designs	(GED)	onsite	laboratory.		

The	HHRA	uses	laboratory	analytical	data	collected	during	the	RI/FS	and	previous	data	collected	
during	the	Phase	I	and	Phase	II	Environmental	Site	Assessment	(LBA	2010a,b),	the	2010	NYCDDC	
Final	Draft	Radiological	Scoping	Survey	(LBA	2010c),	and	in	the	2014	BVNA/NYCDEP	Assessment	
of	Potential	Radiological	Impact	Within	and	Adjacent	to	Combined	Sewer	System	(BVNA	2014).		

Radionuclide	data	from	the	RI/FS	and	the	investigations	mentioned	above	were	used	
quantitatively	and	qualitatively	in	the	HHRA.	Qualitative	evaluations	use	data	from	exposure	rate	
and	gamma	surveys.	

Analytical	results	for	non‐radiological	chemical	sampling	from	the	RI/FS	are	used	in	the	HHRA;	
available	results	for	chemical	sampling	from	other	studies	are	not	used	quantitatively	but	were	
compared	to	the	RI/FS	data	set	to	ensure	that	the	RI/FS	data	set	is	the	most	representative	of	
current	conditions.		
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3.1.1 RI/FS Soil Investigation 
To	supplement	historical	data	and	characterize	the	nature	and	extent	of	contaminants	on	and	
near	the	Site,	a	soil	investigation	was	performed.	The	investigation	included	gamma	walk	over	
surveys,	soil	sampling,	and	background	soil	sampling.	The	following	sections	describe	each	
activity	briefly.	Sampling	activities	are	described	in	detail	in	the	RI/FS.		

3.1.1.1 Gamma Walk Over Surveys 

Gamma	walkover	surveys	of	selected	interior	and	exterior	surfaces	were	conducted	to	fill	data	
gaps	in	the	studies	performed	between	2009	and	2014.	Gamma	walkover	surveys	were	
performed	at	the	Site	using	a	collimated	2x2‐inch	sodium	iodide	(NaI)	detector	(Ludlum	44‐10	
probe/2221	meter)	except	for	the	survey	at	Lot	31	where	both	uncollimated	and	collimated	
detectors	were	used.	The	surveys	were	performed	to	identify	areas	of	elevated	gamma	activity	to	
target	for	soil	sampling.	Scanning	was	performed	at	approximately	10	centimeters	above	the	
ground	surface	at	a	rate	of	0.5	meter	per	second.	Gamma	walkover	surveys	were	performed	in	the	
following	areas	of	the	Site:	

 Lots	31	and	30	(former	rail	spur)	between	the	FWACC	site	buildings	and	the	56‐06	Cooper	
Avenue	building,	including	along	the	south	and	east	sides	of	the	56‐06	Cooper	Avenue	
building		

 The	exterior	asphalt	and	concrete	areas	around	Lot	48	(K&M	Auto)		

 Moffat	Street	(including	both	shoulders)	from	Lot	33	at	Irving	Avenue	to	the	intersection	
with	Knickerbocker	Avenue	

 The	308	Cooper	Avenue	lot	

 The	north	and	east	outdoor	areas	of	the	338	Moffat	Street	building	

Additional	gamma	walkover	surveys	were	performed	to	establish	background	gamma	levels	for	
areas	covered	by	grass/vegetation,	asphalt,	and	concrete.	Background	surveys	were	performed	in	
the	Knollwood	Park	Cemetery	and	at	Irving	Square	Park.		

3.1.1.2 Soil Sampling 

Soil	sampling	was	performed	using	either	direct‐push	technology	(DPT),	rotasonic	drilling,	or	by	
hand‐augering.	All	soil	cores	were	scanned.	Soil	borings	collected	during	the	RI	and	evaluated	in	
the	HHRA	are	shown	on	Figure	3‐1	and	include	the	following:	

 Background	Soil	Borings	–	included	a	total	of	eight	borings	(BSKB‐01	through	BSK‐08).	
Samples	were	collected	for	In‐situ	Object	Counting	System	(ISOCS™)	analysis,	and	Target	
Compound	List	(TCL)	volatile	organic	compounds	(VOCs),	TCL	semi‐volatile	organic	
compounds	(SVOCs),	polychlorinated	biphenyls	(PCBs),	pesticides,	and	Target	Analyte	List	
(TAL)	metals	were	collected	from	0	to	2,	4	to	6,	8	to	10,	18	to	20,	and	28	to	30	feet	soil	
intervals.	

 Site	Soil	Borings	–	included	a	total	of	55	borings	(SB‐01	through	SB‐83	and	MW‐01).	
Samples	for	ISOCS	analysis	generally	were	collected	every	2	feet	(e.g.,	0	to	2,	2	to	4,	4	to	6	
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feet)	and	homogenized.	Ten	percent	of	the	samples	analyzed	on	the	ISOCS	were	selected	for	
laboratory	analysis	for	gamma	spectroscopy.	Ten	percent	of	the	samples	selected	for	
gamma	spectroscopy	analysis	also	were	selected	for	isotopic	uranium	and	isotopic	thorium	
analysis.	At	pre‐selected	borings	near	or	in	the	site	buildings,	or	where	elevated	
photoionization	detector	(PID)	readings	were	found,	samples	also	were	collected	for	TCL	
VOCs,	TCL	SVOCs,	PCBs,	pesticides,	and	TAL	metals.	

 308	Cooper	Street	Soil	Borings	–	included	a	total	of	eight	borings	(SB‐56	through	SB‐63).	
Samples	for	ISOCS	analysis	generally	were	collected	every	2	feet	(e.g.,	0	to	2,	2	to	4,	4	to	6	
feet)	and	homogenized.		

 338	Moffat	Street	Soil	Borings	–	included	a	total	of	15	shallow	borings	(SB‐64	through	SB‐
78).	Samples	generally	were	collected	every	2	feet	(e.g.,	0	to	2,	2	to	4,	4	to	6	feet)	and	
homogenized.	All	samples	were	sent	for	laboratory	analysis	for	gamma	spectroscopy.	Ten	
percent	of	the	samples	selected	for	gamma	spectroscopy	analysis	also	were	selected	for	
isotopic	uranium	and	isotopic	thorium	analysis.	

 P.S./I.S.	384	School	Soil	Borings	–	included	six	shallow	borings	(SCSB‐01	through	SCSB‐06)	
around	P.S./I.S.	384	along	Moffat	Street,	Wilson	Avenue,	and	Cooper	Avenue	to	determine	if	
radioactive	material	is	present	in	the	subsurface	near	the	school.	Samples	for	ISOCS	
analysis	were	collected	every	2	feet	(e.g.,	0	to	2,	2	to	4,	4	to	6	feet)	and	homogenized.	Ten	
percent	of	the	samples	analyzed	on	the	ISOCS	were	selected	for	laboratory	analysis	for	
gamma	spectroscopy.	Ten	percent	of	that	10	percent	were	selected	for	laboratory	analysis	
for	isotopic	uranium	and	isotopic	thorium.	

 Sewer	Soil	Borings	were	performed	using	DPT	at	11	locations	(SWSB‐01	through	SWSB	‐
11).	Samples	for	ISOCS	analysis	were	generally	collected	every	2	feet	(e.g.,	0	to	2,	2	to	4,	4	to	
6	feet)	and	homogenized.	Ten	percent	of	the	samples	analyzed	on	the	ISOCS	were	selected	
for	laboratory	analysis	for	gamma	spectroscopy.	

 Downhole	Gamma	Logging	was	performed	at	each	shallow	boring	after	drilling	using	a	1x1‐
inch	NaI	detector	to	a	depth	of	about	10	feet,	or	depth	of	refusal.	Downhole	logging	was	
performed	by	taking	1‐minute	counts	at	1‐foot	intervals	from	the	ground	surface	to	the	
bottom	of	the	borehole.	Additionally,	a	maximum	count	and	a	duplicate	count	were	taken	in	
each	borehole.		

 Gamma	and	exposure	rate	measurements	were	collected	at	surficial	soil	boring	locations.	
At	each	DPT	and	hand‐augured	soil	boring	location,	prior	to	drilling,	a	1‐minute	count	was	
taken	at	the	ground	surface	with	a	1x1‐inch	NaI	detector	(Ludlum	44‐2	probe/2221	meter),	
and	a	surface	exposure	rate	measurement	was	taken	with	either	a	Ludlum	Model	19	or	a	
Ludlum	Model	9DP.		

3.1.2 RI/FS Groundwater Sampling 
A	hydrogeologic	investigation	was	performed	at	the	Site	to	determine	if	groundwater	is	
contaminated	by	site‐related	COPCs	or	ROPCs.	The	hydrogeologic	investigation	included	
installation	of	five	monitoring	wells.	Downhole	gamma	logging	and	slug	testing	were	performed	
in	each	well	following	completion	of	well	installation	and	development.	Two	rounds	of	synoptic	
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water	levels	were	measured	on	December	8,	2015	and	April	20,	2016	to	confirm	groundwater	
flow	direction	at	the	Site.	Two	rounds	of	groundwater	sampling	were	performed	at	the	five	
monitoring	wells	using	low‐flow	purge	and	sampling	methodology.	Round	one	was	performed	on	
December	9th	and	10th,	2015.	Round	two	was	performed	on	April	20th	and	21th,	2016.		

Samples	were	analyzed	for	TCL	VOCs,	SVOCs,	PCBs,	pesticides,	TAL	metals	(total	and	dissolved),	
and	radionuclides	by	gamma	spectroscopy.	

3.1.3 Sewer Sampling 
A	sewer	investigation	was	performed	within	and	adjacent	to	the	combined	sewer	system	in	the	
area	around	the	FWACC	as	well	as	at	the	sewer	discharge	point	at	Newtown	Creek.	The	
investigation	included	sediment	sampling,	fiberscope	mapping,	sewer	construction	material	
sampling,	and	soil	borings.	Samples	were	collected	to	verify	the	source	of	gamma	radiation	in	the	
sewers.	A	total	of	13	samples,	including	a	duplicate,	were	collected	from	the	sewer	vaults	and	
analyzed	by	ARS,	Inc.	for	gamma	spectroscopy	analysis.	Three	sediment	samples	were	collected	
and	analyzed	for	isotopic	thorium	and	isotopic	uranium	in	addition	to	gamma	spectroscopy.	Soil	
samples	collected	near	the	sewer	are	discussed	in	Section	3.1.1.2.	

3.1.4 Sediment Sampling in Newtown Creek  
Sediment	samples	were	collected	in	the	East	Branch	of	Newtown	Creek	to	determine	if	
radioactive	material	historically	disposed	in	the	sewers	at	the	Site	has	discharged	to	and	
impacted	sediment	in	Newtown	Creek.	The	sewer	line	originating	at	the	Site	discharges	to	
Newtown	Creek	at	outfall	NCB‐083.	Sediment	samples	were	collected	in	Coney	Island	Creek	to	
establish	background.	Sediment	data	collected	from	Newtown	Creek	during	the	RI/FS	are	not	
used	in	the	HHRA	because	a	human	exposure	point	at	this	location	was	not	identified	(See	Section	
4).	

3.1.5 Building Materials Sampling 
A	radiological	survey	of	the	building	materials	at	the	FWACC	was	performed	to	determine	if	
radionuclides	are	embedded	in	building	materials.	In	addition,	a	hazardous	building	materials	
survey	was	conducted	to	determine	if	hazardous	materials,	including	asbestos,	lead	paint,	
mercury,	and	PCBs,	are	present	in	building	materials.		

3.1.5.1 Radiological Building Materials Surveys 

The	interior	walls,	floors,	and	ceiling	and	the	exterior	walls	and	roofs	(where	safe	access	was	
possible)	of	the	FWACC	buildings	(including	Lot	33,	Lot	42,	Lot	44,	and	Lot	46)	were	scanned	with	
a	collimated	2x2‐inch	NaI	detector	(Ludlum	44‐10	probe/2221	meter)	to	identify	locations	of	
elevated	gamma	activity	to	target	for	sampling.	During	all	the	gamma	surveys,	professional	
judgment	was	used	to	focus	on	suspect	areas	with	visual	staining	or	notable	features	like	floor	
drains,	air	vents,	or	infrequently	cleaned	or	accessed	areas	where	dirt	and	dust	can	accumulate.		

3.1.5.2 Wipe and Building Materials Sampling 

Following	review	of	the	interior	gamma	scan	data	from	the	FWACC	buildings,	a	Ludlum	43‐93	
probe/2360	meter	was	used	to	take	direct	alpha	and	beta	measurements	where	the	highest	
gamma	counts	were	recorded.	Wipe	samples	were	taken	from	areas	of	elevated	readings	to	
determine	levels	of	alpha	and	beta	removable	contamination.	Most	of	the	original	FWACC	
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building	interior	has	been	either	painted	over	or	covered	by	drywall	or	cement,	so	only	a	limited	
number	of	direct	readings	were	taken.	

At	each	location	selected	for	direct	alpha/beta	measurements,	samples	of	the	building	materials	
were	also	collected	and	sent	to	a	subcontract	laboratory	for	gamma	spectroscopy	analysis.	One‐
minute	counts	were	taken	with	the	43‐93	probe/2360	meter	at	several	of	the	locations	pre‐	and	
post‐sampling.		

3.1.5.3 Hazardous Materials Survey 

A	hazardous	materials	survey	was	performed	at	onsite	buildings	to	determine	if	hazardous	
materials,	including	asbestos,	lead	paint,	mercury,	and	PCB‐containing	materials,	are	present	in	
the	FWACC	buildings.	CDM	Smith’s	hazardous	materials	subcontractor,	Athenica	Environmental	
Services,	performed	the	survey	in	late	November	and	early	December	2015.	They	performed	an	
initial	survey	of	each	of	the	site	buildings	to	delineate	and	identify	spaces	to	be	further	inspected.	
Samples	were	collected	from	suspect	materials	to	be	analyzed	for	asbestos,	lead,	PCBs,	and	
mercury.		

3.1.6 Exposure Rate Investigations 
A	school	and	daycare	investigation	were	performed	to	validate	and	augment	data	collected	in	the	
surveys	performed	between	2009	and	2014.	

3.1.6.1 School and Daycare Exposure Rate Measurements 

Exposure	rates	were	measured	in	the	basements	and	outdoor	play	areas	of	P.S./I.S.	384	and	the	
Audrey	Johnson	Daycare.	In	the	basements,	readings	were	taken	at	a	minimum	of	every	100	
square	meters	and	at	least	one	in	every	room.	In	the	outdoor	play	areas,	readings	were	taken	
every	100	square	meters	on	a	10x10‐meter	grid.	Exposure	rates	were	taken	with	a	Ludlum	Model	
9DP.	After	the	meter	stabilized	at	each	location	(1	to	2	minutes),	a	reading	was	taken	every	15	
seconds	for	a	total	of	3	to	4	readings.	The	exposure	rate	was	then	recorded	as	the	average	of	the	
readings.	All	readings	were	taken	at	approximately	3	feet	above	ground	surface.		

3.1.7 Radon/Thoron Investigations 
Radon/thoron	evaluations	at	the	P.S./I.S.	384	school	(242	Cooper	Street)	and	radon	evaluations	
at	the	Audrey	Johnson	Daycare	(272	Moffat	Street)	were	performed	by	a	Radon	Measurement	
Specialist	certified	by	the	New	Jersey	Department	of	Environmental	Protection.	Prior	to	
placement	of	any	radon	devices,	an	initial	inspection	was	performed	to	identify	locations	where	
radon/thoron	gas	may	be	entering	the	buildings.	

Short‐term	radon	testing	was	performed	at	both	facilities	in	accordance	with	EPA	Guidance	
Document	“Radon	Measurement	in	Schools,	Revised	Edition,”	EPA	402‐R‐92‐014,	July	1993	(EPA	
1993)	using	charcoal	canisters	in	all	occupied	rooms	in	contact	with	the	ground,	with	the	heating,	
ventilation,	and	air	conditioning	system	operating	normally.		

A	total	of	32	and	17	charcoal	canisters	in	P.S./I.S.	384	and	17	Audrey	Johnson	Daycare	Center,	
respectively,	were	placed	on	October	9,	2015.	The	canisters	were	retrieved	from	the	school	on	
October	12,	2015	and	from	the	daycare	on	October	13,	2015.	They	were	shipped	on	the	same	day	
they	were	retrieved	to	Radon	Testing	Corporation	of	America	for	analysis.		
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Long‐term	(6‐month	and	1‐year)	radon/thoron	testing	was	performed	in	P.S./I.S.	384	at	selected	
locations	(four	on	the	first	floor	and	two	in	the	basement)	using	alpha	track	detectors	(ATDs).	The	
ATDs	on	the	first	floor	were	placed	in	four	office	rooms	in	contact	with	the	ground	and	two	in	the	
basement.	A	pair	of	ATDs,	one	radon	detector	(not	sensitive	to	thoron)	and	one	thoron	detector,	
was	placed	at	each	location	on	October	9,	2015.	The	6‐month	and	1‐year	ATDs	were	retrieved	on	
April	27,	2016	and	October	13,	2016,	respectively.	They	were	shipped	to	Landauer	Inc.	for	radon	
analysis	on	the	same	day	they	were	retrieved.	Thoron	results	are	obtained	by	subtracting	the	
radon	contribution	from	the	radon/thoron	detector.	

3.2 Data Evaluation 
Data	evaluation	was	performed	in	accordance	with	procedures	recommended	by	EPA	(1992b)	
and	included	consideration	of	the	following	data	quality/data	representativeness	issues:	source	
and	recentness	of	data,	representativeness	of	sampling	locations,	usability	indicated	by	data	
assessment	results,	adequacy	of	detection	limits,	and	comparability	of	data	analyzed	by	different	
methods.	Data	representativeness	is	one	of	the	most	important	criteria	that	must	be	evaluated	
when	selecting	data	for	use	in	the	quantitative	HHRA.	Representativeness	is	the	extent	to	which	
available	data	characterize	exposure	conditions	for	people.	Proper	selection	of	sampling	
locations,	consideration	of	hot	spots,	assessment	of	background	concentrations,	and	collection	of	
sufficient	samples	help	maximize	data	representativeness.	Data	selected	for	use	in	the	
quantitative	HHRA	should	also	be	of	high	quality.	

The	bulk	of	data	used	in	the	HHRA	were	collected	in	the	RI/FS	field	investigation.	Data	from	the	
RI/FS	field	investigation	were	determined	to	be	suitable	for	risk	assessment	purposes	as	defined	
in	the	data	quality	objectives	included	in	the	quality	assurance	project	plan	(QAPP)	(CDM	Smith	
2015).	Data	from	other	sources	were	evaluated	for	comparability	and	representativeness.		

3.2.1 Data Usability	 
This	section	presents	a	summary	of	the	data	usability	assessment	and	a	determination	of	how	
data	are	used	in	the	HHRA.	All	data	collected	by	CDM	Smith	for	the	RI/FS	and	risk	assessment	
were	subjected	to	a	quality	assessment	for	data	usability.	This	assessment	included	evaluation	of	
precision,	accuracy,	representativeness,	comparability,	and	completeness	and	qualified	data.	A	
detailed	discussion	of	the	quality	of	data	collected	for	the	RI/FS	and	used	in	the	risk	assessment	is	
presented	in	the	data	quality	assessment	summary	report	(CDM	Smith	2016),	which	will	be	
included	as	an	appendix	to	the	RI/FS	report.	The	data	quality	assessment	pertinent	to	the	HHRA	
is	summarized	below.	

3.2.1.1 Data Usability Assessment 

All	analytical	data	were	reviewed	to	ensure	that	project	requirements	for	representativeness,	
completeness,	precision,	and	accuracy	were	met.	The	QAPP	of	the	RI/FS	work	plan	(CDM	Smith	
2015)	discusses	in	detail	the	quality	assurance	objectives	and	procedures	for	the	RI/FS,	including	
collection	of	field	duplicates,	objectives	for	field	and	laboratory	precision,	accuracy,	completeness,	
and	required	laboratory	method	reporting	limits	by	analyte	and	media.	

As	part	of	the	RI/FS	sampling	program,	field	duplicates,	matrix	spike/matrix	spike	duplicates,	and	
trip	and	rinsate	blanks	were	collected	and	submitted	for	analyses.	These	samples	provide	
information	on	analytical	variability	and	error,	the	overall	performance	of	the	field	sampling	and	
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analysis	effort,	and	the	uncertainty	surrounding	the	analytical	results.	Field	duplicate	samples	
provide	an	indication	of	analytical	variability	and	error.	Rinsate	blanks	are	indicators	of	
equipment	cleanliness	and	the	effectiveness	of	equipment	decontamination	procedures.	Trip	
blanks	are	used	to	assess	whether	cross	contamination	of	samples	has	occurred	during	container	
shipment	and	storage.	Analytical	results	obtained	from	field	duplicates	are	used	for	quality	
assurance/quality	control	purposes	and	are	not	included	in	the	data	sets	for	risk	evaluation.		

All	data	validation	was	conducted	by	CDM	Smith	for	the	analytical	chemistry	data	and	by	
VALIDATA	Chemical	Services,	Inc.,	Duluth,	Georgia,	for	the	radiological	data.	All	data	acquired	
during	the	RI	were	reviewed	and/or	validated	in	accordance	with	the	following	documents:	
specified	analytical	methods;	the	project	final	QAPP	(CDM	Smith	2015);	EPA	National	Functional	
Guidelines	for	Inorganic	Superfund	Data	Review	(EPA	2014c);	EPA	National	Functional	
Guidelines	for	Superfund	Organic	Methods	Data	Review	(EPA	2014d);	EPA’s	Region	II	validation	
criteria	and	standard	operating	procedures	(SOPs);	GED	SOP	4.8;	Data	Validation	Protocol	for	
Field	Data	Collected	using	Canberra’s	In‐Situ	Gamma	Spectrometer	(June	2015);	and	the	Multi‐
Agency	Radiological	Laboratory	Analytical	Protocols	Manual	(MARLAP)	(U.S.	Nuclear	Regulatory	
Commission	[NRC]	2004).		

Over	90	percent	of	the	data	reported	and	validated	are	suitable	for	their	intended	use	as	stated	in	
the	QAPP	(CDM	Smith	2015).	A	few	sample	results	were	rejected	and	are	not	usable	for	project	
decisions.	All	other	data	are	usable	for	project	decisions	with	the	appropriate	qualifiers	applied	
(CDM	Smith	2016).	Radionuclide	sample	results	that	were	rejected	were	typically	rejected	
because	the	sample	density	and/or	volume	was	not	representative	of	the	calibration	standard	
density.	Rejected	data	are	not	used	in	any	evaluation;	qualified	data	are	incorporated	into	the	
data	analysis,	and	the	uncertainty	around	the	use	of	this	data	are	discussed	in	the	uncertainty	
section.		

In	general,	data	from	sources	other	than	the	RI	were	used	only	qualitatively	in	the	HHRA.	
However,	sewer	sediment	samples	collected	in	2013	by	Bureau	Veritas	(2014)	were	used	
quantitatively.	All	samples	were	sent	to	independent	certified	laboratories	for	analysis.	Per	the	
2014	report	all	data	were	subject	to	data	quality	control	checks	and	data	validation.	Although	the	
data	validation	identified	minor	issues,	these	issues	did	not	negatively	impact	the	veracity	of	
and/or	usability	of	the	data.		

The	results	of	the	2010	New	York	City	Department	of	Design	and	Construction	(NYCDDC)	Phase	
I/Phase	II	Environmental	Site	Assessments	(Louis	Berger	and	Associates	[LBA]	2010a,b	were	
used	qualitatively	to	identify	any	significant	differences	from	RI	results.		

3.2.2 Reporting Limits 
One	aspect	of	data	quality	critical	to	risk	assessment	is	adequacy	of	reporting	limits	for	chemical	
analyses.	Appropriate	analytical	methods,	target	screening	levels,	and	method	detection	limits	for	
chemicals	were	selected	to	meet	the	project	objectives	described	in	the	QAPP	(CDM	Smith	2015).	
Data	quality	objectives	and	preferred	project	quantitation	limit	goals	were	provided	to	the	
laboratories	prior	to	analysis	of	samples	to	help	ensure	to	the	extent	possible	that	reporting	
limits	for	individual	chemicals	would	not	exceed	associated	screening	levels	and	would	be	
adequate	for	risk	assessment	purposes.	
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A	comparison	of	reporting	limits	to	the	screening	levels	for	chemicals	not	detected	in	the	samples	
used	in	the	risk	assessment	is	conducted.	Screening	levels	are	generic	conservative	medium‐
specific	concentrations	that	are	protective	of	human	health	so	that	if	the	reporting	limits	for	
chemicals	not	detected	are	below	these	values,	then	these	chemicals	are	unlikely	to	present	a	risk	
for	human	health.	Reporting	limits	for	some	chemical	analyses	were	above	their	respective	
screening	levels	due	to	equipment	limitations	or	high	concentrations	of	other	co‐associated	
chemicals	necessitating	sample	dilution.	Uncertainties	associated	with	elevated	reporting	limits	
are	discussed	in	the	uncertainty	section	of	the	HHRA.	Comparisons	of	nondetected	chemicals	to	
screening	levels	is	presented	in	Appendix	I.		

3.3 Analytical Data Summary 
The	evaluation	and	summary	of	analytical	results	are	based	on	those	chemicals	and	radionuclides	
that	were	reported	at	concentrations	higher	than	the	reporting	limit	in	one	or	more	samples.	
Statistical	summaries,	comprising	minimum	and	maximum	detected	concentrations	and	detection	
frequency	for	individual	chemicals	and	radionuclides,	are	presented	by	medium	and	exposure	
area	in	Tables	B‐2.1a	through	B‐2.5	in	Appendix	B.	Analytical	data	results	are	summarized	below.	

3.3.1 Soil 
Soil	samples	were	collected	in	the	RI/FS	to	supplement	previously	collected	data	to	characterize	
the	nature	and	extent	of	contaminants	on	site	and	for	use	in	the	HHRA.	For	soil,	radionuclide	data	
collected	during	the	RI/FS	and	in	the	Phase	I/Phase	II	Environmental	Site	Assessment	(LBA	
2010a,b),	data	collected	in	the	2010	NYCDDC	Final	Draft	Radiological	Scoping	Survey	(LBA	
2010c),	and	in	the	2014	BVNA/NYCDEP	Assessment	of	Potential	Radiological	Impact	Within	and	
Adjacent	to	Combined	Sewer	System	(BVNA	2014)	are	used	in	the	HHRA.	For	chemicals,	the	
RI/FS	data	set	is	used	because	it	is	considered	more	representative	of	current	chemical	
contamination.	Available	results	for	chemicals	detected	in	soil	from	other	studies	are	not	used	
quantitatively	but	were	compared	to	the	RI/FS	data	set	to	ensure	that	the	RI/FS	data	set	is	the	
most	representative	of	current	conditions	and	contaminants	detected	in	other	investigations	are	
included	in	the	RI/FS	data	set.	

For	soil	samples,	analytical	results	are	subdivided	by	depth	range	to	support	risk	evaluations.	
Surface	soil	is	defined	as	soil	present	from	the	ground	surface	to	a	depth	of	2	feet	and	is	
considered	available	for	contact	by	future	receptor	populations.	The	surface	soil	data	set	for	
future	receptors	at	the	FWACC	includes	surface	soil	samples	collected	under	asphalt	and	subslab.	
Subsurface	soil	is	defined	as	soil	present	at	depths	from	2	to	10	feet	and	would	be	available	for	
contact	in	the	future	for	construction/utility	workers.	Surface	soil	and	subsurface	soil	data	sets	
are	combined	into	one	data	set	for	this	receptor	group.	For	radionuclides,	data	are	also	presented	
for	soil	from	0	to	10	feet	bgs.	Ten	feet	is	a	reasonable	estimate	for	excavation	that	might	occur	
during	any	future	site	redevelopment.	

Soil	analytical	data	are	summarized	below	by	depth	range	and	area.	For	chemicals,	all	soil	sample	
results	are	grouped	into	one	exposure	area.	For	radionuclides,	data	are	grouped	by	exposure	
areas,	including	FWACC	site	(all	lots),	individual	lots	(Lot	31,	33,	42,	44,	and	46	[no	samples	are	
available	for	lot	48]),	Irving	Avenue,	Moffat	Street,	and	Cooper	Avenue.	
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Background	soil	data	are	used	to	establish	a	range	of	background	values	for	radiological,	organic,	
and	inorganic	contaminants	in	the	area.	

3.3.1.1 Surface Soil 

Chemicals 
VOCs,	SVOCs,	pesticides,	PCBs,	and	inorganics	were	detected	in	surface	soil.	Table	B‐2.1a	in	
Appendix	B	presents	a	statistical	summary	of	analytical	data	for	surface	soils	at	the	FWACC.		

VOCs:	Five	VOCs	were	detected	in	surface	soil	in	less	than	10	percent	of	the	surface	soil	samples.		

SVOCs:	Twenty‐four	SVOCs	were	detected	in	surface	soil.	Polycyclic	aromatic	hydrocarbons	
(PAHs)	were	the	most	frequently	detected	SVOCs	(from	3	of	19	samples	to	19	of	19	samples).	
Benzo(a)pyrene	was	detected	in	19	of	19	samples	at	concentrations	ranging	from	9	J	to	10,000	
micrograms	per	kilogram	(µg/kg).	A	hot	spot	for	PAHs	exists	at	SB‐31	located	at	the	southeast	
edge	of	the	FWACC	property.		

Pesticides:	Eleven	pesticides	were	detected	in	surface	soil.	Methoxyclor	(13	of	19	samples)	and	
p,p'‐dichlorodiphenyltrichloroethane	(4,4'‐DDT)	(9	of	19	samples)	were	the	most	frequently	
detected	pesticides.	Other	pesticides	were	detected	in	3	or	fewer	samples	out	of	19.	It	is	possible	
that	detections	of	4,4'‐DDT	can	be	a	result	of	interference	or	overlapping	with	PCB	peaks	in	the	
chromatogram.		

PCBs:	One	PCB,	Aroclor	1260,	was	detected	in	soil.	Aroclor	1260	was	detected	in	16	of	19	samples	
at	concentrations	ranging	from	3.6	J	µg/kg	to	100,000	J+	µg/kg.	Nine	of	the	16	detects	were	
qualified	as	an	estimated	concentration	(i.e.,	J+	or	J).	The	maximum	detection	of	Aroclor	1260	was	
in	soil	near	a	sump/drain	in	the	warehouse	in	Lot	33;	this	location	(SB‐45)	is	a	hot	spot	for	
Aroclor	1260	and	4,4'‐DDT.		

Inorganics:	Twenty	inorganics	were	detected	in	surface	soil.	Most	inorganics	were	detected	in	all	
19	samples,	except	for	beryllium	(12	of	19	samples),	cadmium	(18	of	19	samples),	nickel	(18	of	
19	samples)	selenium	(13	of	19	samples),	and	sodium	(18	of	19	samples).	Antimony,	silver,	and	
thallium	were	not	detected	in	any	samples.	Lead	was	detected	in	all	samples	at	concentrations	
ranging	from	14	J	to	510	J	milligrams	per	kilogram	(mg/kg).	Lead	concentrations	in	2	out	19	
surface	soil	samples	exceeded	the	RSL;	however,	the	mean	concentration	(106	mg/kg)	did	not	
exceed	the	RSL.		

Radionuclides  
Th‐232	and	radium‐226	(Ra‐226)	were	detected	in	surface	soil	at	concentrations	above	site‐
specific	background	levels	in	most	samples.	Th‐232	was	detected	at	concentrations	ranging	from	
0.66	J	to	221.8	pCi/g.	Ra‐226	was	detected	at	concentrations	ranging	from	0.59	to	57.11	pCi/g.	U‐
238	and	uranium‐234	(U‐234)	were	detected	in	all	samples.	Table	B‐2.1b	in	Appendix	B	presents	
a	statistical	summary	of	the	radionuclide	data	for	surface	soils	at	the	FWACC.		

3.3.1.2 Surface/Subsurface Soil 

Surface	and	subsurface	soil	data	are	combined,	for	each	exposure	area,	into	a	data	set	to	evaluate	
the	future	construction/utility	worker	scenario	as	these	workers	would	likely	be	exposed	to	
contaminants	in	both	surface	and	subsurface	soil.		
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Surface	and	subsurface	data	for	radionuclides	are	combined	to	evaluate	exposure	to	
radionuclides	for	all	receptors.	Although	layers	of	soil	provide	some	shielding	from	exposure	to	
radionuclides	located	at	depth,	external	exposure	is	still	possible.	Shielding	factors	for	cover	
materials	are	estimated	in	the	RESRAD	model.		

In	addition,	radon	in	deeper	soils	will	not	contribute	significantly	to	above	surface	exposure.	
Combining	data	assumes	uniform	contamination	in	the	vadose	zone	and	provides	a	conservative	
assessment	of	risk	due	to	intrusion	of	radon	into	structures.	

Chemicals 	
VOCs,	SVOCs,	pesticides,	PCBs,	and	inorganics	were	detected	in	surface/subsurface	soil.	Table	B‐
2.1c	in	Appendix	B	presents	a	statistical	summary	of	the	analytical	chemical	data	for	surface	and	
subsurface	soil	at	the	FWACC.		

VOCs:	Eleven	VOCs	were	detected	in	surface/subsurface	soil.	Most	VOCs	were	detected	in	less	
than	3	percent	of	the	soil	samples.	Chloroform	was	detected	in	2	out	of	30	samples,	and	acetone,	a	
common	laboratory	contaminant,	was	detected	in	9	out	of	30	samples.		

SVOCs:	Twenty‐five	SVOCs	were	detected	in	surface/subsurface	soil.	PAHs	were	the	most	
frequently	detected	SVOCs.	Benzo(a)pyrene	was	detected	in	20	of	30	samples	at	concentrations	
ranging	from	9	J	to	10,000	J	µg/kg.	

Pesticides:	Twelve	pesticides	were	detected	in	surface/subsurface	soil.	Methoxyclor	(13	of	30	
samples)	and	4,4'‐DDT	(10	of	30	samples)	were	the	most	frequently	detected	pesticides.	Other	
pesticides	were	detected	in	3	or	fewer	samples	out	of	30.		

PCBs:	One	PCB,	Aroclor	1260,	was	detected	in	surface/subsurface	soil.	Aroclor	1260	was	detected	
in	18	of	30	samples	at	concentrations	ranging	from	3.6	J	to	100,000	J+	µg/kg.	Eleven	of	the	18	
detects	were	qualified	as	an	estimated	concentration	(i.e.,	J+	or	J).		

Inorganics:	Twenty	inorganics	were	detected	in	surface/subsurface	soil.	Most	inorganics	were	
detected	in	all	30	samples	except	for	arsenic	(29	of	30	samples),	beryllium	(21	of	30	samples),	
cadmium	(25	of	30	samples),	mercury	(21	of	30	samples),	nickel	(29	of	30	samples),	selenium	(14	
of	30	samples),	and	sodium	(29	of	30	samples).	Antimony,	silver,	and	thallium	were	not	detected	
in	any	samples.	Lead	was	detected	in	all	samples	at	concentrations	ranging	from	2.2	J	to	510	J	
mg/kg.		

Radionuclides 	
Th‐232	and	Ra‐226	were	detected	in	surface/subsurface	soil	at	concentrations	above	site	‐
specific	background	levels	in	most	samples.	Th‐232	was	detected	at	concentrations	ranging	up	to	
505.2	pCi/g.	Radium‐226	was	detected	at	concentrations	ranging	from	0.206	pCi/g	to	57.11	
pCi/g.	U‐238	and	U‐234	were	detected	in	all	samples.	Table	B‐2.1d	in	Appendix	B	presents	the	
statistical	summary	of	the	radionuclide	data	for	surface/subsurface	soil	for	the	FWACC	site.		

3.3.2 Groundwater 
Groundwater	samples	were	collected	for	the	nature	and	extent	evaluation	performed	in	the	
RI/FS.	Samples	collected	from	monitoring	wells	in	2015	and	2016	are	used	in	the	HHRA.		
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Chemicals 
Table	B‐2.2a	in	Appendix	B	presents	a	statistical	summary	of	the	chemical	analytical	data	for	
groundwater	at	the	FWACC.	

VOCs:	Five	VOCs	were	detected	in	groundwater,	including	1,1,1‐trichloroethane,	chloroform,	cis‐
1,2‐dichloroethene,	tetrachloroethene,	and	trichloroethene.	These	VOCs,	except	for	1,1,1‐
trichloroethane	and	chloroform,	were	detected	in	all	samples.		

SVOCs:	Seven	SVOCs	were	detected	in	groundwater	in	3	or	fewer	of	the	10	samples.		

Pesticides:	One	pesticide,	alpha	chlordane,	was	detected	in	1	out	of	10	groundwater	samples.		

Inorganics:	Fifteen	inorganics	were	detected	in	groundwater	samples.	The	range	of	detected	total	
concentrations	of	inorganics	is	shown	in	Table	B‐2.2a	in	Appendix	B.	

Radionuclides 
Th‐232	was	detected	once,	in	the	second	round	of	groundwater	monitoring	at	a	concentration	of	
10.988	J	pCi/L.	Table	B‐2.2b	in	Appendix	B	presents	a	statistical	summary	of	the	radionuclide	
analytical	data	for	groundwater	sampled	at	the	FWACC.		

3.4 Identification of Chemicals and Radionuclides and of 
Potential Concern 
3.4.1 Methods Used to Select Chemicals of Potential Concern 
COPCs	are	chemicals	that	are	present	in	site	media	(e.g.,	soil	and	groundwater)	that	are	carried	
through	the	risk	assessment	process.	The	COPC	screening	process	is	conducted	to	limit	the	
number	of	contaminants	included	in	quantitative	risk	assessment	while	also	assuring	that	all	
significant	contaminants	are	addressed.	Identification	of	a	chemical	as	a	COPC	uses	methods	that	
include	chemicals	in	the	evaluation	that	may	not	pose	any	risk	or	hazard	to	human	health	rather	
than	exclude	chemicals	that	might	pose	such	risks	or	hazards.	Thus,	identification	of	a	chemical	as	
a	COPC	does	not	suggest	a	health	risk.	Instead,	it	indicates	only	that	further	evaluation	is	
necessary.	Many	chemicals	have	been	detected	in	samples	collected	at	the	FWACC	site.	Screening	
of	analytical	data	against	appropriate	screening	levels	is	conducted	to	identify	COPCs	to	be	
further	evaluated,	helping	to	focus	the	risk	assessment	on	chemicals	that	could	pose	a	human	
health	risk.		

Screening	levels	are	based	on	RSLs	for	Chemical	Contaminants	at	Superfund	Sites	(EPA	2016a).	
Screening	levels	are	constituent‐specific	and	media‐specific	and	are	generally	based	on	cancer	
and	noncancer	effects	to	humans.	RSLs	are	published	for	both	residential	and	industrial	land	uses.	
RSLs	for	residential	land	use	are	based	on	greater	exposure	frequency	and	duration	and	consider	
exposure	to	young	children	and	are	considered	more	conservative	and	protective.	Residential	
RSLs	for	soil	are	used	as	screening	levels	for	soil,	and	RSLs	for	tapwater	are	used	as	screening	
levels	for	groundwater.	To	account	for	exposure	to	multiple	chemicals,	RSLs	for	chemicals	based	
on	noncancer	health	effects	are	decreased	by	a	factor	of	10,	resulting	in	a	target	hazard	quotient	
(HQ)	of	0.1.		
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Risk‐based	RSLs	are	not	available	for	many	chemicals.	Based	on	similarities	in	chemical	structure	
and	physiological	activities,	surrogate	screening	levels	are	used	as	indicated	below.	

 1,3‐dicloropropene	for	cis‐1,2‐dichloropropene	and	trans‐1,2‐dichloropropene	

 Acenaphthene	for	acenaphthylene	

 Chlordane	for	alpha‐chlordane	and	gamma‐chlordane		

 Endosulfan	for	endosulfan	II	and	endosulfan	sulfate		

 Hexachlorocyclohexane	(BHC)	(technical)	for	delta‐BHC	

 m‐xylene	for	m,	p‐xylene		

 Anthracene	for	phenanthrene	

 Pyrene	for	benzo(g,h,i)perylene	

 Hexavalent	chromium	for	total	chromium	

Identification	of	COPCs	is	based	on	a	direct	comparison	of	measured	concentrations	of	all	
inorganic	and	organic	constituents	in	the	various	site	media	to	RSLs.	Maximum	detected	
concentrations	are	compared	to	screening	levels	to	identify	COPCs.	Chemicals	are	considered	
COPCs	if	the	maximum	detected	concentration	exceeds	the	respective	screening	level.	Group	A	
carcinogens	(i.e.,	known	human	carcinogen)	are	retained	as	COPCs	even	when	they	are	present	at	
the	site	at	concentrations	below	their	respective	screening	levels.	Detection	frequency	and	
chemical	toxicity	are	also	considered	in	the	identification	of	COPCs.	If	a	chemical	is	detected	in	5	
percent	or	less	of	the	samples	in	a	data	set	having	at	least	20	samples,	then	the	chemical	is	only	
considered	a	COPC	if	it	is	a	Group	A	carcinogen.	The	identified	COPCs	and	rationale	for	their	
identification	are	provided	in	Tables	B‐2.1a,	B‐2.1c,	and	B‐2.2a	in	Appendix	B.	A	list	of	COPC	is	
presented	in	Table	3‐1	by	exposure	area	and	medium.		

In	accordance	with	EPA	guidance	(EPA	1989)	chemicals	that	are	essential	nutrients	(i.e.,	calcium,	
magnesium,	potassium,	phosphorous,	sodium)	and	present	at	low	concentrations	(i.e.,	only	
slightly	elevated	above	background)	were	eliminated	as	COPCs.	

3.4.2 Methods Used to Select Radionuclides of Potential Concern 
The	radioactive	decay	of	Th‐232,	which	has	a	half‐life	of	14	billion	years,	proceeds	as	follows	
(radioactive	half‐lives	in	parentheses):	radium‐228	(5.8	years),	actinium‐228	(6.1	hours),	
thorium‐228	(1.9	years),	radium‐224	(3.7	days),	radon‐220	(56	seconds),	polonium‐216	(0.15	
second),	lead‐212	(11	hours),	bismuth‐212	(61	minutes),	polonium‐212	(310	nanoseconds),	
thallium‐208	(3.1	minutes),	and	lead‐208	(stable).	Due	to	the	length	of	time	since	processing	of	
the	monazite	sands	began	(about	60	years	or	more),	it	is	reasonable	to	assume	secular	
equilibrium	(i.e.,	the	activities	of	all	radionuclides	within	the	series	are	nearly	equal)	for	these	
radionuclides	in	the	waste	materials.		

Radon‐222	occurs	in	the	U‐238	decay	chain.	The	radioactive	decay	of	U‐238	which	has	a	half‐life	
of	4.5	billion	years	proceeds	as	follows	(radioactive	half‐lives	in	parentheses):	thorium‐234	(21.4	
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days),	protactinium‐234	(1.17	minutes),	uranium‐234	(247,000	years),	thorium‐230	(80,000	
years),	radium‐226	(1,600	years),	radon‐222	(3.82	days),	polonium‐218	(3.05	minutes),	lead‐214	
(27	minutes),	bismuth‐214	(19.7	minutes),	polonium‐214	(1	microsecond),	lead‐210	(22.3	years),	
bismuth‐210	(5.01	days),	polonium‐210	(138.4	days),	and	lead‐206	(stable).	

Maximum	detections	of	radionuclides	in	soil	were	compared	to	EPA	PRGs	for	residential	soil	to	
select	ROPCs.	PRGs	for	radionuclides	detected	at	the	Site	are	lower	than	available	background	
values;	therefore,	all	radionuclides	sampled	for	were	selected	as	ROPCs.	Detection	of	
radionuclides	in	groundwater	were	compared	to	PRGs	for	tapwater.	PRGs	were	obtained	from	
EPA	PRG	tables	last	updated	in	November	2014	and	currently	available	on	the	EPA	PRG	website	
(EPA	2016b).	ROPCs	include	these	radionuclides	and	their	decay	chain	progeny.	ROPCs	are	
summarized	on	Table	3‐2.	
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Section 4 

Exposure Assessment 

Exposure	assessment	strives	to	predict	human	exposure	to	COPCs	and	ROPCs	in	affected	media	at	
the	Site	and	in	the	vicinity.	The	exposure	assessment	involves	identifying	sources	of	
contamination,	means	of	transport	of	COPCs	and/or	ROPCs	through	environmental	media,	
exposure	points	for	human	contact	with	COPCs	and/or	ROPCs,	and	routes	of	exposure	(oral,	
dermal,	inhalation,	and	external	radiation).	This	analysis	also	considered	current	and/or	future	
use	of	land	to	identify	possible	receptor	populations.	This	section	discusses	the	exposure	
scenarios	in	which	people	may	contact	site‐related	COPCs	and/or	ROPCs	identified	in	Section	3.4	
and	provides	equations	and	parameters	to	characterize	and	quantify	exposure.	Results	of	the	
exposure	assessment	are	integrated	with	chemical‐specific	toxicity	information	(Section	5)	to	
characterize	risks	from	COPC.	The	RESRAD	model	is	used	in	conjunction	with	the	results	of	the	
exposure	assessment	to	characterize	risks	from	ROPCs.		

Exposure	is	defined	as	human	contact	with	a	chemical	or	physical	agent	(EPA	1989).	Exposure	
assessment	includes	the	evaluation	of	magnitude,	frequency,	duration,	and	pathway(s)	of	
exposure	to	a	chemical	and/or	radionuclide.	Assessment	of	exposure	consists	of	three	steps:	

 Characterization	of	exposure	setting		

 Identification	of	exposure	pathways	

 Quantification	of	exposure	

The	first	step	involves	identifying	physical	characteristics	of	a	site	(e.g.,	climate)	and	the	current	
and	future	human	populations	on	and	near	the	site.	This	step	was	presented	in	Section	2.	Human	
populations	are	described	regarding	characteristics	that	could	affect	exposure	to	site‐related	
chemicals	and/or	radionuclides,	including	location	relative	to	the	site,	activities,	and	the	presence	
of	sensitive	subgroups	(e.g.,	young	children).		

Step	two	of	the	exposure	assessment	identifies	pathways	by	which	human	populations	might	be	
exposed	to	site‐related	contaminants.	Contaminant	sources,	release	and	transport	mechanisms,	
and	intermedia	transfer	are	evaluated.	Exposure	pathways	are	identified	based	on	the	location	
and	activities	of	exposed	populations	and	on	the	types	of	contaminated	media.	

The	final	step,	exposure	quantification,	has	two	components:	estimation	of	exposure	point	
concentrations	and	calculation	of	chemical	intake	and	radionuclide	intake.	Exposure	point	
concentrations	are	contaminant	concentrations	at	the	point	of	human	contact.	Site‐specific	
chemical	data	collected	during	the	RI	for	media	of	concern	are	used	to	estimate	chemical	
exposure	point	concentrations.	Site‐specific	radionuclide	data	collected	during	the	RI	and	in	the	
previous	investigations	discussed	in	Section	3.1	for	media	of	concern	are	used	to	estimate	the	
radionuclide	exposure	point	concentrations.	
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4.1 Conceptual Site Model 
The	CSM	describes	sources	of	chemicals	and	radionuclides	at	the	Site,	their	release	to	and	
transport	through	environmental	media	(e.g.,	soil,	groundwater,	air,	sediment),	affected	media,	
and	routes	of	exposure	to	current	and	future	human	receptors.	Figure	4‐1	schematically	presents	
the	relationship	between	chemical	sources,	release	mechanisms,	exposure	route,	and	receptors	at	
the	Site.	This	CSM	was	developed	through	consideration	of	sources	of	chemical	release,	
distribution	of	chemical	and	radionuclide	detections,	chemical	and	radionuclide	fate	and	
transport,	hydrogeologic	conditions,	current	and	possible	future	land	use	at	the	Site	and	adjacent	
area,	and	possible	future	groundwater	use.	Potentially	complete	and	significant	pathways	
through	which	receptors	may	be	exposed	to	COPCs	and	ROPCs	are	shown	in	Figure	4‐1.	Also	
shown	are	“incomplete”	exposure	pathways	and	pathways	that	may	be	complete	but	exposure	is	
considered	insignificant	for	some	receptors.	Incomplete	exposure	pathways	assume	it	is	unlikely	
for	a	receptor	to	ever	contact	COPCs	or	ROPCs	via	that	exposure	pathway.	Complete	but	
insignificant	exposure	pathways	assume	it	is	possible	for	a	receptor	to	contact	COPCs	or	ROPCs	
but	that	the	frequency	and	duration	of	exposure	or	contaminant	concentrations	are	so	low	that	
exposure	would	be	negligible.		

Exposure	pathways	are	defined	based	on	current	and	future	land	uses	of	the	Site.	Each	pathway	is	
evaluated	considering	site‐specific	conditions	to	determine	if	the	pathway	could	be	complete.	
Area	demography	and	land	use	characteristics	are	taken	into	consideration	when	the	pathways	
are	developed.	If	a	pathway	between	the	source	of	contamination	and	a	human	receptor	be	
complete,	it	is	retained	for	further	evaluation.	Table	B‐1	in	Appendix	B	summarizes	exposure	
pathways	based	on	current	and	possible	future	land	uses	of	the	Site.	

The	HHRA	evaluates	human	health	risk	associated	with	current	environmental	conditions	and	
possible	future	uses	of	the	Site.	Health	risk	is	evaluated	assuming	that	no	additional	actions	to	
control	or	mitigate	contamination	will	be	implemented	(i.e.,	under	an	assumption	of	no	further	
action).		

4.1.1 Overview of Exposure Conditions 
The	FWACC	is	a	complex	mixture	of	individual	properties	(lots)	and	facilities.	Within	this	Site,	an	
early	action	has	increased	this	complexity	with	addition	of	shielding	in	some	areas	but	not	all	
areas	and	different	shielding	materials	(lead	and	concrete).	Shielding	has	apparently	met	the	
important	objective	of	reducing	external	radiation	exposure	to	people	occupying	buildings.	
Shielding	also	made	evaluation	of	radiation‐related	health	risks	under	current	conditions	more	
difficult.	Variations	in	radionuclide	activities	in	and	below	building	floors,	differences	in	shielding,	
and	the	numerous	different	lots/buildings/operations	make	estimation	of	external	radiation	
exposure	and	associated	risk	difficult	and	uncertain.	An	approach	to	assessing	risk	in	a	manner	
that	provides	helpful	information	on	health	risks	for	risk	management	decisions	used	available	
data	to	estimate	current	risks	without	the	need	for	rigorous	characterization	and	evaluation	of	
small	and	variable	site	areas.	

Data	available	to	model	external	radiation	exposure	are	scattered	across	the	FWACC	property	
(Figure	3‐1)	such	that	one	to	a	few	data	points	are	available	for	each	lot.	In	at	least	one	case,	no	
data	points	are	available	to	represent	a	lot.	This	distribution	of	data	is	not	sufficient	to	directly	
evaluate	exposure	on	a	lot‐by‐lot	basis.	In	addition,	shielding	varies	not	only	across	lots	but	
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within	a	single	lot,	and	it	is	difficult	to	determine	whether	the	single	or	few	data	available	
represent	shielded,	partially	shielded,	or	unshielded	conditions.	High	uncertainty	would	spill	over	
into	risk	management	for	the	Site.	

A	remedy	for	evaluating	existing	conditions	in	a	useful	manner	is	to	use	the	entire	site	data	set	to	
estimate	an	EPC	for	the	Site	as	a	whole.	This	EPC	is	then	used	in	multiple	runs	with	RESRAD	to	
account	for	differences	in	shielding.	Exposure	and	risk	estimates	in	these	runs	provide	a	range	of	
possible	exposures	across	the	Site.	On	a	lot‐by‐lot	basis,	exposure	and	risk	estimates	can	be	
evaluated	semi‐quantitatively	based	on	data	available	for	the	specific	lot	in	question	along	with	
information	on	the	existence	or	shielding	and	the	type	of	such	shielding.		

This	approach	provides	a	useful	assessment	of	possible	risks	on	a	lot‐by‐lot	basis	using	available	
data	as	representative	for	the	Site	as	a	whole	to	provide	a	range	that	encompasses	the	expected	
range	across	lots.	Data	for	individual	lots,	along	with	information	on	shielding,	then	can	narrow	
this	range	in	a	way	that	is	useful	in	developing,	as	needed,	remediation	goals.		

As	an	example,	if	lead	shielding	is	present	over	the	flooring	of	a	single	lot	and	available	data	for	
that	lot	are	similar	to	the	EPC	used	in	RESRAD	for	shielded	exposure,	one	could	expect	that	
current	exposure	and	risk	would	be	similar	to	exposure	and	risk	estimated	for	the	site	as	a	whole.	
Such	evaluation	for	each	lot	will	provide	a	useful	indication	of	variability	in	current	health	risks.	

Future	exposure	and	risk	are	not	subject	to	the	same	uncertainties	as	detailed	above.	For	future	
site	use,	buildings	are	assumed	to	be	razed	and	the	site	redeveloped	for	resident,	
commercial/industrial,	recreational,	or	other	land	use.	In	such	a	case,	shielding	would	be	
removed,	and	much	of	the	uncertainty	described	above	would	not	exist.	Future	site‐related	risks	
are	estimated	using	an	upper	confidence	limit	(UCL)	calculated	from	data	across	the	site	and	
assume	no	shielding	other	than	typical	slab‐on‐grade	foundations.	

The	above	approach	to	estimating	current	health	risk	associated	with	ROPCs	used	RESRAD.	A	
separate	set	of	calculations,	using	the	EPA	PRG	calculator,	was	run	after	obtaining	RESRAD	
results.	These	calculations	focused	on	a	subset	of	exposure	scenarios	of	greatest	interest	for	risk	
management.	

4.1.2 Sources of Chemical and Radionuclide Releases and Transport 
Mechanisms 
Contaminant	sources	at	the	FWACC	and	in	the	vicinity	consisted	of	solid	and	liquid	wastes	
generated	by	the	processing	of	monzonite	sands	as	described	in	Section	2.2.	The	source	media,	
including	surface	soil,	shallow	zone	soil,	and	deep	zone	soil,	are	the	principal	reservoirs	of	
residual	environmental	contamination.	ROPCs	and/or	COPCs	released	to	primary	media	may	be	
subsequently	transported	to	and	among	primary	and	other	media.	A	second	group	of	media,	
including	groundwater	and	sewer	sediment,	have	been	affected	due	to	migration	of	contaminants	
from	source	media	over	time.	These	two	groups	together	comprise	exposure	media	evaluated	in	
the	HHRA.		

Various	release	and	transport	mechanisms	are	identified	in	the	CSM	to	show	movement	of	ROPCs	
and	COPCs	from	sources	to	human	receptors.	ROPCs	and/or	COPCs	may	be	released	from	source	
areas	via	radionuclide	decay,	gamma	radiation,	wind	erosion,	infiltration/leaching	to	
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groundwater,	radionuclide	decay	producing	radon	and	thoron	in	enclosed	spaces,	vapor	intrusion	
of	VOCs	in	groundwater	to	indoor	air,	surface	water	runoff,	and	transport	via	the	sewer	system.		

The	RESRAD	model	incorporates	release	and	transport	mechanisms	among	media	and	over	time	
to	account	for	changes	to	radionuclide	concentrations.	Transport	models	incorporated	into	
RESRAD	use	as	much	site‐specific	information	as	possible	(e.g.	rainfall,	wind	speeds,	soil	types,	
depth	to	groundwater)	and	reasonable	default	values	where	site	specific	information	is	not	
available.	

For	chemical	exposures	and	for	use	of	the	PRG	Calculator,	release	and	transport	models	are	not	
used.	Instead,	the	HHRA	depends	on	recently	measured	concentrations	of	ROPCs	and	COPCs	in	
various	media	and	at	various	locations.	

4.1.3 Exposure Pathways 
For	risks	to	be	realized,	a	complete	exposure	pathway	must	exist.	A	complete	pathway	requires	the	
following	elements	(EPA	1989):	

 A	source	and	mechanism	of	chemical	release	to	the	environment	

 An	environmental	transport	medium	(e.g.,	soil,	groundwater)	for	the	released	chemical	
and/or	mechanism	to	transfer	the	contaminant	from	one	medium	to	another	

 A	point	of	contact	by	humans	with	the	contaminated	medium	

 A	route	of	exposure	(i.e.,	external	radiation,	ingestion,	inhalation,	or	dermal	contact)	

If	any	of	these	elements	is	missing,	no	complete	exposure	pathway	exists.	In	the	risk	assessment,	
pathways	are	identified	for	the	no	action	alternative	to	evaluate	risk	if	no	additional	site	
remediation	occurs.	This	assessment	also	assumes	that	no	additional	restrictions	to	site	access	or	
use	exist.	Based	on	the	analytical	data	from	the	RI/FS,	radionuclides	that	may	have	been	released	
from	historical	FWACC	operations	are	currently	present	in	surface	and	subsurface	soil,	sewer	
sediment,	building	materials,	possibly	groundwater,	and	above	sidewalks	and	streets.	
Radionuclide	contamination	was	also	reported	in	sediment	near	a	sewer	outflow	in	Newtown	
Creek.	COPCs	have	been	detected	in	surface	and	subsurface	soil	and	in	groundwater.		

Non‐site‐related	sources	of	chemical	contamination	may	be	an	important	consideration.	In	
particular,	upgradient	releases	of	chemicals	may	have	contributed	to	COPC	contamination	in	
groundwater	beneath	and	downgradient	of	the	Site.	This	risk	assessment	does	not	take	source	
contribution	into	account	when	estimating	risks	associated	with	exposure	to	contaminated	
groundwater.	

Individuals	may	be	exposed	to	chemicals	via	three	routes:	ingestion,	inhalation,	and/or	dermal	
contact.	For	example,	PCBs	released	in	the	past	might	have	impacted	surface	soil	in	the	vicinity	of	
FWACC.	A	construction/utility	worker	could	get	small	amounts	of	soil	on	his/her	hands	and	
subsequently	transfer	some	of	this	soil	to	his/her	mouth	during	common	hand‐to‐mouth	activity.	
Exposure	would	occur	when	this	soil	is	swallowed	through	gastrointestinal	absorption	of	
ingested	chemicals	into	the	bloodstream.		



Section 4    Exposure Assessment 

4‐5 

Possible	exposure	routes	for	radionuclides	in	media	for	receptors	at	or	near	the	FWACC	include	
external	radiation,	soil	ingestion,	and	inhalation,	particularly	of	radon	and	thoron.	Based	on	the	
location	of	the	Site,	lack	of	accessible	open	space,	and	value	of	inner	city	land	for	development,	
exposure	via	ingestion	of	homegrown	produce	is	not	considered.		

Current	and	future	exposure	pathways	are	identified	below.	Not	all	exposure	pathways	are	
complete	for	all	receptors.	

Current	exposure	pathways	at	the	site	area	are	identified	as	follows.		

 External	radiation	from	surface	and	subsurface	soil,	outdoor	surfaces,	and	interior	surfaces		

 Inhalation	of	radon	and	thoron	in	indoor	air		

 Direct	contact	with	contaminated	surface	soil	in	areas	not	covered	with	hardscape	

Future	exposure	pathways	at	the	Site	are	identified	as	follows.		

 External	radiation	from	surface	and	subsurface	soil,	outdoor	surfaces,	and	interior	surfaces		

 Direct	contact	with	radionuclides	in	surface	soil	(i.e.,	ingestion,	inhalation,	and	external	
radiation)		

 Direct	contact	with	radionuclides	in	subsurface	soil	(i.e.,	ingestion,	inhalation,	and	external	
radiation)		

 Direct	contact	with	radionuclides	in	sewer	sediment	(i.e.,	ingestion	and	external	radiation)		

 Inhalation	of	particulates	resuspended	in	ambient	air	from	sewer	sediment	

 Inhalation	of	radon	and	thoron	in	indoor	air		

 Direct	contact	with	chemicals	in	surface	soil	(i.e.,	incidental	ingestion,	dermal	contact,	and	
inhalation	of	particulates)		

 Direct	contact	with	chemicals	in	subsurface	soil	(i.e.,	incidental	ingestion,	dermal	contact,	
and	inhalation	of	particulates)		

 Direct	contact	with	chemicals	in	groundwater	used	as	drinking	water	(i.e.,	ingestion,	dermal	
contact,	and	inhalation)	

 Inhalation	of	vapors	emanating	from	groundwater	

 Ingestion	of	homegrown	produce	

Complete	and	significant	pathways	through	which	receptors	may	be	exposed	to	ROPCs	and	
COPCs	are	shown	in	Figure	4‐1.	An	identified	pathway	does	not	imply	that	exposure	is	occurring,	
only	that	some	possibility	may	exist	for	the	pathway	to	be	complete.	Not	all	exposure	pathways	
listed	above	are	expected	to	be	complete	in	the	future	but	are	evaluated	under	the	no	action	



Section 4    Exposure Assessment 

4‐6 

alterative.	Receptors	that	may	currently	or	in	the	future	live,	work,	or	otherwise	visit	the	Site	are	
discussed	in	the	following	section.	

4.1.4 Receptors 
Based	on	past	release	areas,	current	and	anticipated	future	land	uses,	and	identified	exposure	
pathways,	likely	current	and	future	receptors	at	the	Site	are	identified	as	follows:	

 Current	and	future	commercial	indoor	workers		

 Current	and	future	industrial	workers		

 Current	and	future	trespassers		

 Current	and	future	public	users	of	the	FWACC	and	surrounding	area		

 Current	and	future	nearby	(off‐property)	residents	and	workers	

 Current	and	future	school	children	

 Future	construction/utility	workers		

 Future	on‐property	residents	

Not	all	these	receptor	populations	are	currently	and/or	are	expected	to	be	present	in	the	future	at	
the	Site.	For	instance,	although	trespassers	may	access	the	former	rail	spur,	access	has	been	
limited	by	the	fencing	of	much	of	the	area.	This	fencing	is	anticipated	to	remain	in	place	at	least	
until	remedy	is	designed	and	implemented.	Still,	the	HHRA	assumes	that	no	engineering	or	
institutional	controls	exist	currently	or	in	the	future	(e.g.,	access	to	the	site	by	
trespassers/visitors	was	assumed	not	to	be	restricted	by	fencing.)	In	addition,	the	HHRA	assumed	
that	some	receptors	would	only	be	present	in	the	future	at	the	Site	(e.g.,	construction/utility	
workers,	residents).		

Receptors	and	associated	exposure	pathways	are	discussed	below.	For	each	of	these	receptors,	
exposure	pathways	are	identified	as	“incomplete,”	“complete‐qualitatively	evaluated,”	or	
“complete‐quantitatively	evaluated.”	Incomplete	refers	to	pathways	that	are	expected,	now	and	in	
the	future,	to	cause	no	or	negligible	exposure.	Complete	and	qualitatively	evaluated	pathways	are	
ones	that	are	likely	to	cause	exposure	at	a	site,	but	quantitative	evaluation	is	difficult	due	to	lack	
of	data	or	other	technical	problems	and/or	can	be	adequately	evaluated	for	risk	management	
purposes	using	results	from	pathways	for	which	exposure	is	quantified.	Complete	and	
quantitatively	evaluated	pathways	are	ones	that	can	be	assumed	to	be	complete	and	to	be	
associated	with	the	greatest	exposure	and	risk.	Risks	due	to	exposure	for	some	of	these	pathways	
are	likely	to	drive	risk	management	decisions	for	the	Site.	These	latter	pathways	are	the	focus	of	
risk	calculations	using	the	EPA	PRG	calculator.	

4.1.4.1 Commercial Indoor Workers 

Human	health	exposure	associated	with	commercial	activities	is	based	on	cumulative	effects	of	
exposure	of	workers	who	are	exposed	to	contaminants	directly	during	activities	associated	with	
normal	work	tasks.	Current	commercial	indoor	workers	(e.g.,	deli	workers)	may	be	exposed	to	
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radionuclides	in	soil	or	building	materials	via	external	radiation.	Current	workers	may	also	be	
exposed	to	radon	and	thoron	while	performing	activities	in	the	basement.		

Future	commercial	indoor	workers	may	be	exposed	to	radionuclides	in	soil	or	building	materials	
via	external	radiation.	Inhalation	of	radon	and	or	thoron	in	indoor	air	is	also	likely.	Commercial	
indoor	workers	are	assumed	to	spend	most	of	the	work	day	indoors	while	on	site	and	exposure	to	
surface	soil	would	be	minimal;	therefore,	this	exposure	pathway	is	not	evaluated.		

Additionally,	future	commercial	indoor	workers	are	evaluated	for	exposure	to	ROPC	in	
groundwater	as	drinking	water.	Workers	might	also	use	groundwater	for	hand	washing,	which	
may	result	in	dermal	contact	with	contaminants	and	inhalation	of	volatiles	present	in	
groundwater.	Use	of	shallow	groundwater	at	the	site	seems	unlikely	since	city	water	is	readily	
available	and	already	connected	at	site	properties.	Risk	estimates	based	on	groundwater	use	may	
be	only	hypothetical.		

Future	commercial	indoor	workers	are	evaluated	using	default	parameters	recommended	by	EPA	
as	described	in	Section	4.3.	One	exception	is	the	exposure	time	for	dermal	contact	with	
groundwater	which	is	based	on	professional	judgement.		

4.1.4.2 Industrial Workers 

Current	industrial	workers	(e.g.,	auto	workers)	spend	part	of	the	work	day	outdoors	and	part	
indoors.	Current	industrial	workers	are	exposed	to	radionuclides	in	surface	and	subsurface	soil	
via	external	radiation,	as	evidenced	by	walk‐over	gamma	radiation	surveys	(Weston	Solutions	
2014).	However,	exposures	to	radionuclides	in	most	of	the	current	work	areas	were	measurably	
reduced	by	shielding	installed	by	EPA	in	2013.	Industrial	workers	may	also	be	exposed	to	radon	
or	thoron	in	indoor	work	spaces.	Lead	and	concrete	shielding	in	some	areas	of	the	site	may	have	
reduced	migration	of	these	ROPC	to	indoor	air,	but	data	are	not	available	to	assess	this	possibility.	
Radon	and	thoron	exposure	indoors	did	not	account	for	shielding.	Further,	a	radon	mitigation	
system	was	installed	by	EPA	in	2013	in	the	Terra	Nova	Office	in	Lot	42	of	the	FWACC.	For	
purposes	of	risk	calculations,	this	mitigation	system	was	not	considered	in	risk	calculations.	
Again,	data	were	not	available	to	evaluate	the	effectiveness	of	this	system.	

Future	workers	at	the	FWACC	may	contact	contaminants	in	surface	soil	through	incidental	
ingestion	of	and	dermal	contact	with	soil	and	inhalation	of	particulates	and/or	volatiles	released	
from	soil.	These	workers	may	also	be	exposed	to	radionuclides	in	surface	and	subsurface	soil	via	
external	radiation	and	via	inhalation	of	radon	or	thoron.	Future	industrial	workers	are	evaluated	
using	default	parameters	recommended	by	EPA	as	described	in	Section	4.3.		

4.1.4.3 Trespassers 

Unauthorized	access	to	the	former	rail	spur	area	is	restricted,	but	not	excluded,	by	fencing.	
Trespassers	may	still,	in	theory,	gain	access	to	most	or	all	areas	of	the	FWACC	property.	Evidence	
exists	that	trespassing	occurred	in	this	area	prior	to	remedial	actions	and	the	placement	of	
fencing.	Currently,	trespassing	is	unlikely	to	occur	frequently,	if	at	all.		

When	trespassing,	individuals	may	be	exposed	to	contaminants	in	surface	soil	through	external	
radiation,	incidental	ingestion	of	and	dermal	contact	with	soil	in	areas	not	covered	by	gravel	or	
cement,	and	inhalation	of	particulates	and/or	volatiles	released	from	surface	soil.	Although	these	
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exposure	pathways	may	be	complete,	due	to	the	difficulty	of	trespassing	on	the	Site	and	its	likely	
infrequent	occurrence,	exposure	to	trespassers	is	considered	insignificant.	Exposure	to	
trespassers	is	therefore	evaluated	qualitatively	in	the	HHRA	by	comparison	to	results	of	
quantitative	evaluation	of	industrial	workers	(current	trespassers)	and	residential	exposures	
(future	trespassers).	

Trespassers	are	most	likely	to	be	adolescents	or	young	adults	(12	to	18	years	old).	Adolescents	
generally	have	higher	relative	intake	rates	and	lower	body	weight	when	compared	to	adults;	
therefore,	the	adolescent	exposure	scenario	provides	a	conservative	basis	for	evaluating	
exposures	to	adults.	Thus,	adolescents	are	selected	as	receptors	for	qualitative	evaluation.		

4.1.4.4 General Public 

The	general	public	includes	people	(e.g.,	pedestrians,	commuters,	customers	of	businesses	located	
in	the	area)	who	frequent	the	FWACC	area.	These	individuals	may	be	exposed	to	external	
radiation	from	soil	and	indoor	and	outdoor	surfaces	(e.g.,	sidewalks,	streets,	buildings).	If	
development	occurs	in	the	future	on	site,	the	public	could	also	be	exposed	to	surface	soil	via	
incidental	ingestion,	dermal	contact,	and	inhalation	of	particulates.	Exposure	to	the	general	public	
is	evaluated	qualitatively,	since	intermittent	visits	by	these	receptors	would	result	in	less	
exposure	than	anticipated	for	on‐site	residents	or	workers.	

4.1.4.5 Off‐Property Receptors (Residents, Workers, School Children)  

Off‐property	receptors,	including	residents,	workers,	and	school	children,	may	be	exposed	to	
external	radiation	from	soil	and	indoor	and	outdoor	surfaces	(e.g.,	sidewalks,	streets,	buildings).		

4.1.4.6 Future Construction/Utility Worker 

If	construction	or	utility	work	takes	place	at	the	Site	in	the	future,	construction/utility	workers	
could	have	short‐term,	high	intensity	exposure	to	contaminants	in	surface	and	subsurface	soil	via	
incidental	ingestion	of	and	dermal	contact	with	soil	and	inhalation	of	particulates	and/or	volatiles	
released	from	surface	and	subsurface	soil	and	external	radiation.	Construction/utility	workers	
may	contact	contaminants	in	soil	or	sediment	in	sewers.	The	primary	focus	of	recent	sewer	
sediment	investigations	has	been	possible	site‐related	radionuclide	contamination	and	only	
radionuclide	data	are	available.	Therefore,	exposure	to	contaminants	in	sewer	sediment	
considers	only	radiation	exposure.	

The	construction	worker	exposure	scenario	provides	a	conservative	basis	for	evaluating	
exposures	to	other	workers	such	as	utility,	telephone,	and	cable	company	workers	engaging	in	
excavation	activities.	A	separate	excavation	worker	scenario	is	thus	not	quantitatively	evaluated	
in	the	risk	assessment.	Because	utility	workers	may	be	exposed	to	contamination	in	sewers	
during	repairs	or	maintenance	work,	the	construction	worker	scenario	evaluates	exposure	to	
radionuclides	in	sewer	sediment	and	in	soil	surrounding	the	sewer.	Future	construction/utility	
workers	are	evaluated	using	default	parameters	recommended	by	EPA	as	described	in	Section	
4.3.	

4.1.4.7 Future On‐Property Resident 

Under	future	conditions,	the	FWACC	property	could	conceivably	be	developed	for	residential	
purposes.	Thus,	future	residents	could	be	exposed	to	contaminants	in	surface	soil	via	incidental	
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ingestion,	dermal	contact,	and	inhalation	of	particulates.	Additionally,	residents	could	be	exposed	
to	ROPCs	in	surface/subsurface	soil	via	external	radiation,	ingestion,	and	inhalation.		

Future	development	of	groundwater	resources	at	the	Site	is	unlikely;	however,	in	theory,	potable	
water	wells	could	be	installed	in	the	future.	Future	residents	theoretically	could	be	exposed	to	
groundwater	via	domestic	uses	(ingestion,	dermal	contact,	and	inhalation).	Future	residents	are	
evaluated	using	default	parameters	recommended	by	EPA	as	described	in	Section	4.3.		

Future	residents	may	also	be	exposed	to	volatiles	in	groundwater	that	migrate	through	soil	gas,	
diffuse	across	the	foundation,	and	accumulate	within	the	building;	this	exposure	pathway	is	
evaluated	qualitatively.	

Future	residents	may	theoretically	grow	fruits	and	vegetables	in	redeveloped	areas	and	thereby	
be	exposed	to	contaminants	that	plants	take	up	from	soil	and	irrigation	water.	Future	residents	
are	not	likely	to	grow	a	significant	portion	of	their	dietary	intake	of	fruits	and	vegetables	on	this	
small	(0.75	acre)	urban	site;	still	this	pathway	was	quantitatively	evaluated	for	exposure	to	ROPC	
and	COPC	using	exposure	assumption	consistent	with	consumption	of	a	high	percentage	of	
homegrown	produce	in	the	total	diet.	

4.1.4.8 Summary of Receptors and Exposure Pathways  

The	receptors	and	exposure	pathways	evaluated	in	this	risk	assessment	include:	

On‐Property, Commercial Indoor Workers 
Exposure	pathways	for	current	and	future	on‐property	commercial	indoor	workers	that	are	
evaluated	in	the	HHRA	include:	

 External	radiation	(current	and	future,	quantitatively)	

 Inhalation	of	radon	and/or	thoron	(current	and	future,	quantitatively)	

 Ingestion	of	groundwater	as	drinking	water,	dermal	contact	with	groundwater,	and	
inhalation	of	volatiles	in	groundwater	(future,	quantitatively)	

 Inhalation	of	volatiles	emanating	from	groundwater	to	indoor	air	(current	and	future,	
qualitatively)	

On‐Property, Industrial Workers 
Exposure	pathways	for	current	and	future	on‐property	industrial	workers	that	are	quantitatively	
evaluated	in	the	HHRA	include:	

 External	radiation	(current	and	future,	quantitatively)	

 Inhalation	of	radon	and/or	thoron	(current	and	future,	quantitatively)	

 Incidental	ingestion	of	and	dermal	contact	with	surface	soil	and	inhalation	of	particulates	
(future,	quantitatively)	

 Inhalation	of	volatiles	emanating	from	groundwater	to	indoor	air	(current	and	future,	
qualitatively)	
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Future On‐Property Residents  
Exposure	based	on	residential	land	use	is	considered	the	scenario	that	is	likely	to	result	in	the	
most	significant	exposure	to	site	contaminants.	It	is	based	on	the	cumulative	effects	of	multiple	
exposure	pathways	over	a	lifetime.	Exposure	pathways	at	the	Site,	which	are	evaluated	
quantitatively	for	future	on‐property	residents,	include:	

 Incidental	ingestion	of	and	dermal	contact	with	surface	soil		

 Inhalation	of	particulates	released	from	soil	to	outdoor	air		

 Ingestion	of	groundwater	used	as	drinking	water,	dermal	contact	with	groundwater,	and	
inhalation	of	volatiles	in	groundwater	

 External	radiation	

 Inhalation	of	radon	and/or	thoron		

 Consumption	of	homegrown	produce	

Exposure	pathways	for	future	on‐property	residents	that	are	qualitatively	evaluated	in	the	HHRA	
include:	

 Inhalation	of	volatiles	emanating	from	groundwater	to	indoor	air	

Future Construction/Utility Workers  
Exposure	pathways	at	the	Site,	which	are	evaluated	quantitatively	for	future	construction/utility	
workers,	include:	

 External	radiation	from	surface	and	subsurface	soil	and	outdoor	surfaces,		

 Direct	contact	with	radionuclides	in	surface	and	subsurface	soil	(i.e.,	ingestion,	inhalation,	
and	external	radiation)		

 Direct	contact	with	radionuclides	in	sewer	sediment	(i.e.,	ingestion	and	external	radiation)		

 Inhalation	of	particulates	suspended	in	ambient	air	from	sewer	sediment	

 Direct	contact	with	chemicals	in	surface	and	subsurface	soil	(i.e.,	incidental	ingestion,	
dermal	contact,	and	inhalation	of	particulates)		

General Public 
Exposure	pathways	for	the	general	public	qualitatively	evaluated	in	the	HHRA	include:	

 External	radiation	from	surface	and	subsurface	soil,	outdoor	surfaces,	and	interior	surfaces	
(current	and	future)	

 Direct	contact	with	chemicals	in	surface	soil	(i.e.,	incidental	ingestion,	dermal	contact,	and	
inhalation	of	particulates)	(future)	



Section 4    Exposure Assessment 

4‐11 

Trespassers 
Exposure	pathways	for	trespassers	qualitatively	evaluated	in	the	HHRA	include:	

 External	radiation	from	surface	and	subsurface	soil	and	outdoor	surfaces	(current	and	
future)	

 Direct	contact	with	chemicals	in	surface	soil	[(i.e.,	incidental	ingestion,	dermal	contact,	and	
inhalation	of	particulates)	(future)]		

Off‐ Property Receptors 
Exposure	pathways	for	offsite	receptors	qualitatively	evaluated	in	the	HHRA	include:	

 External	radiation	from	surface	and	subsurface	soil,	outdoor	surfaces,	and	interior	surfaces		

 Inhalation	of	radon	and/or	thoron		

4.1.5 Exposure Pathways for Radionuclides, RESRAD 
RESRAD	is	a	computer	model	designed	to	estimate	radiation	dose	and	risks	from	RESidual	
RADioactive	materials.	RESRAD	7.2	represents	the	latest	version	of	the	RESRAD	code	since	it	was	
first	issued	in	1989.	Since	that	time,	DOE,	its	operations	and	area	offices,	and	contractors	have	
used	RESRAD	widely.	RESRAD	has	also	been	used	by	EPA,	U.S.	Army	Corps	of	Engineers,	NRC,	
industrial	firms,	universities,	and	foreign	government	agencies	and	institutions	(DOE	2001).	
RESRAD	is	used	as	an	initial	means	of	quantifying	risk.	Subsequently,	the	EPA	PRG	Calculator	was	
used	to	quantify	risks	for	use	in	risk	management.		

For	exposure	scenarios	evaluated	in	this	HHRA,	the	following	pathways	were	considered:	

 External	Gamma	–	Gamma	and	(to	a	much	smaller	extent)	beta	radiation	from	
radionuclides	distributed	in	soils	are	dominant	sources	of	external	radiation	exposure.	The	
dose,	due	to	external	radiation,	is	first	calculated	for	an	individual	exposed	continuously	to	
radiation	from	an	infinite	contaminated	zone	at	a	distance	of	1	meter	from	the	ground	
surface.	Correction	factors	are	then	applied	for	the	finite	area	and	the	thickness	of	actual	
contaminated	zone,	shielding	by	a	cover	of	uncontaminated	soil,	shielding	by	the	floors	and	
walls	of	a	structure,	less‐than‐continuous	occupancy,	and	the	irregular	shape	of	the	
contaminated	area,	(DOE	2001).		

 Inhalation	–	Exposure	may	result	primarily	from	inhalation	of	contaminated	dust	and,	for	
enclosed	structures,	from	inhalation	of	radon	gas	and	decay	products.	Inhalation	exposure	
is	characterized	using	an	occupancy	factor	and	an	annual	inhalation	rate.	Numerical	values	
for	these	factors	were	obtained	by	using	well‐established	procedures	(DOE	2001,	EPA	
1997b).	The	inhalation	pathway	for	dust	was	considered	for	all	three	scenarios.	Radon	was	
only	considered	for	a	residential	scenario	since	radon	and	decay	products	are	only	likely	to	
collect	in	significant	amounts	when	released	into	enclosed	spaces	of	buildings	and	perhaps	
other	structures.		

 Soil	Ingestion	–	The	soil	ingestion	pathway	considers	incidental	or	accidental	ingestion	of	
small	amounts	of	soil	during	normal	daily	activities.	This	pathway	is	especially	significant	
for	young	children	because	of	frequent	hand	to	mouth	activity.	However,	onsite	
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construction/utility	workers	could,	for	short	periods	of	time,	ingest	relatively	large	
amounts	of	soil	because	of	their	intimate	contact	with	soil.	The	dose,	due	to	ingestion	of	
soil,	depends	on	the	amount	of	soil	ingested	per	year,	which	accounts	for	differences	in	
receptor	behavior	and	the	activity	of	radionuclides	in	soil	(DOE	2001).	The	soil	ingestion	
pathway	was	considered	for	residential,	industrial	worker,	and	construction/utility	worker	
scenarios.	

 Drinking	water	–	The	drinking	water	pathway	is	considered	when	water	is	withdrawn	from	
groundwater	well	for	drinking	water	purposes.	The	well	is	assumed	to	be	located	at	the	
downgradient	edge	of	the	contaminated	zone	in	the	RESRAD	model.	Drinking	water	for	a	
future	resident	and	commercial	workers	is	considered	to	come	from	the	shallow	
groundwater.	The	drinking	water	pathway	was	not	considered	for	industrial	workers,	the	
general	public,	or	off‐property	receptors.		

 Consumption	of	homegrown	produce	–	Food	pathways	are	considered	when	crops	are	
grown	in	or	close	to	the	contaminated	zone.	The	plant	food	pathway	considers	root	uptake	
from	crops	grown	in	contaminated	soil,	foliar	uptake	from	contaminated	dust	deposited	on	
the	foliage,	and	root	and	foliar	uptake	from	contaminated	irrigation	water.	Radionuclide	
transport	through	the	food	pathway	is	determined	by	the	quantities	of	different	foods	
consumed	(dietary	factors),	the	fraction	of	the	diet	from	foods	that	are	contaminated	by	
radionuclides	from	the	contaminated	zone	(which	is	determines	by	the	fraction	raised	
locally	and	in	the	area	of	the	contaminated	zone),	the	cover	depth	and	contaminated	zone	
thickness	relative	to	the	root	zone	of	the	plants,	the	various	transfer	factors	from	root	or	
foliage	to	plants	and	the	concentrations	of	radionuclides	in	water	that	have	percolated	
through	the	contaminated	zone.	Consumption	of	homegrown	produce	is	considered	for	
future	residents.		

4.1.6 Exposure Areas 
The	spatial	scale	over	which	exposure	occurs	is	related	to	current	and	possible	future	activities	
and	may	be	different	for	receptors	in	different	site	areas	as	described	in	Section	4.1.2.	For	the	
residential	and	the	worker	scenarios,	most	contact	with	contaminants	likely	occurs	within	a	
limited	area	surrounding	the	home	or	workplace.	By	contrast,	contact	with	site	contaminants	for	
the	general	public	may	occur	over	much	of	the	area.	Exposure	areas	include	the	FWACC	property	
individual	lots,	Moffat	Street,	Irving	Avenue,	and	Cooper	St./Ave.	Exposure	areas	are	shown	in	
Figure	4‐2.	

4.2 Calculation of Exposure Point Concentrations 
This	section	presents	the	methodology	that	was	employed	to	calculate	the	EPCs	for	the	COPCs	
and	ROPCs	for	each	medium.	EPCs	are	estimates	of	the	contaminant	concentrations	in	each	
medium	likely	to	be	contacted	by	a	receptor	over	time	within	the	exposure	area.	EPCs	include	
representative	concentrations	in	a	sampled	medium	(e.g.,	soil)	and	modeled	concentrations	in	
other	exposure	media	(e.g.,	VOCs	in	shower	air).		

4.2.1 Exposure Point Concentrations  
For	each	ROPC	and	COPC	and	for	each	exposure	medium,	a	95	percent	(or	higher)	UCL	on	the	
mean	concentration	is	calculated	for	data	sets	with	at	least	five	samples	and	four	detected	values.	
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This	UCL	is	then	compared	to	the	maximum	detected	concentration	for	that	chemical.	The	lower	
value	of	the	UCL	and	the	maximum	detected	value	is	selected	as	the	EPC,	as	recommended	by	EPA	
(1992a).	UCLs	are	not	calculated	for	data	sets	with	fewer	than	four	detected	concentrations.	In	
such	cases,	maximum	detected	concentrations	are	used	as	the	EPCs.		

Several	statistical	methods	can	be	used	to	estimate	the	UCL	of	a	data	set,	depending	upon	data	
distribution.	Therefore,	two	key	steps	are	required	to	estimate	the	UCL	of	a	data	set.	

 Determine	the	distribution	of	the	data	(i.e.,	normal,	lognormal,	gamma,	or	none	of	these)	

 Compute	the	UCL	using	the	appropriate	procedure	for	the	data	distribution	

In	this	assessment,	both	steps	were	performed	with	ProUCL	statistical	software	(EPA	2015).	The	
ProUCL	program	tests	for	normal,	lognormal,	and	gamma	distributions.	If	data	do	not	follow	
defined	distributions,	ProUCL	recommends	use	of	non‐parametric	statistics.		

UCLs	are	calculated	with	the	statistical	procedures	recommended	by	EPA,	based	on	the	findings	
of	Singh,	Singh,	and	Engelhardt	(1997,	1999)	(EPA	2015).	ProUCL	computes	the	UCL	using	5	
parametric	and	10	non‐parametric	methods,	depending	on	the	distribution.	

 For	normal	distributions,	the	Student’s	t‐statistic	is	used	to	calculate	the	UCL.		

 For	lognormal	distributions,	one	of	four	different	computation	methods	is	used	to	calculate	
the	UCL,	depending	on	the	skewedness	of	the	data	(as	indicated	by	the	standard	deviation	
of	the	log‐transformed	data)	and	the	sample	size.		

 For	gamma	distributions,	one	of	two	computation	methods	is	used	to	calculate	the	UCL	
based	on	a	“k	value,”	which	is	the	shape	parameter	of	a	gamma	distribution.	For	values	of	k	
≥	0.1,	the	EPC	term	is	computed	using	an	adjusted	gamma	UCL	of	the	mean	(when	0.1	≤	k	≤	
0.5)	or	an	approximate	gamma	UCL	of	the	mean	(when	k	>	0.5).	For	values	of	k	<	0.1,	a	UCL	
is	obtained	using	either	the	bootstrap‐t	method	or	Hall’s	bootstrap	method	when	the	
sample	size	is	small	(less	than	15)	or	the	approximate	gamma	for	larger	data	sets.	

 For	data	sets	that	do	not	fit	a	normal,	lognormal,	or	gamma	distribution,	the	ProUCL	
program	calculates	and	recommends	a	UCL	using	one	of	the	10	non‐parametric	methods	
(EPA	2015).		

Tables	B	3.1a	through	B	3.4	in	Appendix	B	present	the	EPCs	for	each	COPC	and	ROPC	in	each	
medium.	ProUCL	outputs	for	COPCs	and	ROPCs	are	presented	in	Appendix	H.	

4.2.2 Soil Exposure Point Concentrations 
EPCs	for	evaluation	of	direct	contact	with	soil	(ingestion,	dermal)	were	calculated	from	soil	data	
collected	during	the	RI/FS,	representing	depths	from	0	to	2	feet	bgs	for	surface	soil	and	from	2	to	
10	feet	bgs	for	subsurface	soil.	EPCs	for	evaluating	external	radiation	exposure	were	calculated	
from	soil	data,	representing	depths	from	0	to	10	feet	bgs.	For	the	future	construction/utility	
worker	scenario	a	soil	interval	from	0	to	14	feet	was	used.	Since	data	available	are	insufficient	to	
justify	an	EPC	for	each	lot,	the	data	set	for	the	entire	FWACC	property	was	used	for	each	COPC,	
including	radionuclides.	This	approach	to	the	analysis	is	discussed	in	detail	in	Section	4.1.1.	
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4.2.3 Ambient Air Exposure Point Concentrations 
Inhalation	of	contaminants	adsorbed	to	respirable	particles	is	assessed	using	a	particulate	
emission	factor	(PEF).	The	soil‐to‐air	volatilization	factor	(VF)	is	used	to	define	the	relationship	
between	the	concentration	of	a	VOC	in	soil	gas	or	groundwater	and	the	flux	of	the	volatilized	
contaminant	to	air	(EPA	2002a).		

PEFs	are	calculated	using	site‐specific	data,	when	available,	and	EPA	default	values.	The	
vegetative	cover	is	assumed	to	be	EPA	default	of	50	percent	for	the	Site.	The	site‐specific	areal	
extent	of	contamination	of	0.75	acre	for	the	FWACC	is	assumed.	The	mean	annual	wind	speed	is	
5.36	meters	per	second	(m/s)	based	on	data	collected	for	Queens,	New	York	
(http://www.weatherbase.com/weather/weather.php3?s=68447).	The	equivalent	threshold	
value	of	wind	speed	is	11.32	m/s,	based	on	the	EPA	default	value	(EPA	2002a).	Air	dispersion	
model	constants	are	based	on	values	for	Philadelphia,	Pennsylvania,	the	closest	major	city	to	the	
Site	with	dispersion	data	(EPA	2002a).	PEFs	are	summarized	in	Table	B‐4.9	in	Appendix	B.	

Concentration	of	particulates	or	volatiles	from	soil	into	ambient	air	is	calculated	as	follows:	

	 	
											 

where:	

CA	 =	 concentration	in	air,	µg/m3	
CS	 =	 concentration	in	soil,	µg/kg	

PEF	 =	 particulate	emission	factors	from	soil,	m3/kg	
VF	 =	 volatilization	factors	for	a	volatile	COPC,	m3/kg	
m3	=	cubic	meter	

4.2.4 Groundwater Exposure Point Concentrations  
Samples	collected	from	monitoring	wells	in	2015	and	2016	were	used	to	estimate	groundwater	
EPCs.	A	total	of	ten	samples	were	used	to	calculate	EPCs;	two	from	each	of	the	five	monitoring	
wells.		

The	HHRA	evaluated	exposure	to	hexavalent	chromium	in	groundwater	based	on	total	chromium	
measurements	in	groundwater.	Although	the	exact	ratio	of	hexavalent	chromium	to	trivalent	
chromium	in	the	data	is	not	known,	the	exposure	point	concentration	was	adjusted	for	
hexavalent	chromium	assuming	a	1	to	6	ratio.		

4.2.5. Radionuclide Exposure Point Concentrations Over Time 
To	account	for	the	changes	in	contaminant	concentrations	over	time	due	to	radionuclide	decay	
(Ra‐226)	and	transport	among	physical	media	(soil,	groundwater),	risk	assessment	results	for	
each	exposure	scenario	are	obtained	for	a	number	of	points	in	time	(i.e.,	0,	1,	3,	10,	30,	100,	300,	
and	1,000	years).	Cancer	risk	is	calculated	using	present‐day	radionuclide	activities	in	soil	and	
with	radionuclide	activities	in	soil	estimated	from	decay	and	from	transport	among	media	over	
years	2016	and	2086.		
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4.3 Exposure Parameter Assumptions 
Estimates	for	intake	of	COPC	into	the	body	are	a	key	component	of	quantitative	risk	assessment.	
Chemical	intakes	are	expressed	in	terms	as	the	mass	of	substance	taken	into	the	body	per	unit	
body	weight	per	unit	time,	typically	mg	per	kg	body	weight	per	day	(mg/kg‐day).	Intakes	are	
calculated	as	a	function	of	chemical	concentration,	uptake	rate,	exposure	frequency	and	duration,	
body	weight,	and	average	time.	The	values	for	some	of	these	variables	are	dependent	upon	
conditions	specific	to	the	study	area	and	characteristics	of	the	exposed	populations.	

Accurate	estimation	of	exposure	for	individuals	in	an	exposed	population	is	not	possible	because	
(1)	uncertainties	in	typical	behavior	patterns	of	these	populations,	both	currently	and	in	the	
future;	(2)	day‐to‐day	variability	in	behaviors	of	individuals	within	a	population;	and	(3)	
individual	variation	in	important	parameters	such	as	inhalation	rate	and	body	weight.	In	the	face	
of	these	uncertainties,	EPA	recommends	that	exposure	assessments	include	both	reasonable	
maximum	and	central	tendency	estimates	for	the	range	of	exposures	that	could	conceivably	occur	
in	a	population.	Reasonable	maximum	exposure	(RME)	is	defined	as	exposure	above	about	the	
90th	percentile	of	the	population	distribution.	The	intent	of	RME	is	to	estimate	a	conservative	
exposure	case	(well	above	the	average)	that	is	still	within	the	range	of	possible	exposures.		

The	central	tendency	exposure	(CTE)	generally	reflects	estimates	more	typical	of	exposures	in	the	
mid‐range	of	those	that	could	occur.	By	providing	a	range	of	exposure	from	high	end	to	middle	
range	of	possible	exposures,	the	risk	manager	has	more	information	on	which	to	make	risk	
management	decisions.	Risks	based	on	CTE	are	calculated	only	if	RME	risks	exceed	EPA’s	
threshold	risk	range	(i.e.,	cancer	risk	range	of	1×10‐6	[1	in	1	million]	to	1×10‐4	[1	in	10,000]	or	
noncancer	hazard	index	[HI]	of	1).	

Exposure	parameters	for	receptors	are	obtained	from	EPA	guidance	as	much	as	possible.	Site‐
specific	parameters	are	used	when	available.	RME	and	CTE	parameters	used	in	the	risk	
assessment	are	provided	in	Tables	B‐4.1	to	B‐4.4	in	Appendix	B.	Chemical‐specific	properties	
used	in	intake	calculations	are	presented	in	Table	B‐4.8	in	Appendix	B.	

A	life	expectancy	of	70	years	(EPA	1989)	is	used	for	all	receptor	groups	as	the	averaging	time	for	
exposure	to	carcinogenic	chemicals.	The	averaging	time	for	noncarcinogenic	effects	is	equal	to	the	
exposure	duration	(years)	times	365	days	per	year.	The	body	weight	for	adults	is	80	kg	(EPA	
2014a).	

Exposure	parameters	for	each	scenario	are	primarily	obtained	from	EPA	documents	(EPA	1989,	
1991,	1997,	2002,	2004,	2009,	2011a,	and	2014a)	and	are	consistent	with	EPA	Region	2’s	risk	
assessment	approach.	EPA’s	standard	default	assumptions	(EPA	1991)	or	site‐specific	values	are	
used	where	available.	The	most	recent	guidance	is	used	preferentially	to	identify	exposure	
assumptions;	RME	and	CTE	parameters	used	in	the	risk	assessment	are	provided	in	Tables	B‐4.1	
to	B‐4.4	in	Appendix	B.		

4.3.1 Commercial Indoor Workers  
Current	and	future	commercial	workers	may	be	exposed	to	external	radiation	from	soil	and	
building	surfaces	for	8	hours	per	day	for	250	days	per	year.		
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Future	commercial	workers	are	assumed	to	ingest	2.5	liters	(EPA	2014a)	of	groundwater	used	as	
drinking	water	per	day.	Commercial	indoor	workers	are	assumed	to	also	use	groundwater	for	
hand	washing.	An	exposure	time	of	10	minutes	per	day	is	based	on	professional	judgement.	For	
dermal	contact	with	groundwater,	it	is	assumed	that	the	head,	hands,	and	forearms	may	be	
exposed.	A	surface	area	of	3,470	square	centimeters	(cm2),	based	on	the	mean	values	for	head,	
hands,	and	forearms	for	males	and	females,	21	years	and	older,	is	used	(EPA	2014).	Commercial	
indoor	workers	may	also	inhale	volatiles	present	in	groundwater	during	groundwater	use.	The	
chemical	concentration	in	air	is	estimated	by	multiplying	the	groundwater	EPC	by	a	default	
volatilization	factor	of	0.5	L/m3	(EPA	2016a).	

4.3.2 Industrial Workers  
Current	and	future	industrial	workers	may	be	exposed	to	external	radiation	from	soil	and	
building	surfaces	for	2,200	hours	per	year	based	on	the	occupancy	study	conducted	during	
remedial	action	activities	and	data	from	the	Bureau	of	Labor	Statistics	(2016).	Assuming	an	
exposure	frequency	of	250	days	per	year	the	resulting	work	day	exposure	time	is	8.8	hours.		

Future	industrial	workers	are	assumed	to	be	exposed	to	chemical	contaminants	in	surface	soil	for	
250	days	per	year	for	the	RME	scenario	(EPA	2014)	and	219	days	per	year	for	the	CTE	scenario	
(EPA	2004).	Exposure	durations	for	workers	are	25	(EPA	2014)	and	9	(2004)	years,	respectively,	
for	the	RME	and	CTE	scenarios.	Exposure	time	for	site	workers	is	8.8	hours	per	day	for	the	RME	
scenario	and	4.4	hours	per	day	for	the	CTE	scenario.	Industrial	workers	are	assumed	to	spend	
half	of	the	work	day	performing	work	activities	outdoors	and	half	of	the	day	indoors.	A	body	
weight	of	80	kg	is	used	for	both	the	RME	and	CTE	scenarios	(EPA	2014a).	

The	incidental	soil	ingestion	rate	for	workers	is	assumed	to	be	100	milligrams	per	day	(mg/day)	
(EPA	2014a)	for	the	RME	scenario	and	50	mg/day	for	the	CTE	scenario.	For	dermal	contact	with	
soil,	the	worker	is	assumed	to	wear	a	short‐sleeved	shirt,	long	pants,	and	shoes;	therefore,	the	
exposed	skin	surface	is	limited	to	the	head,	hands,	and	forearms.	The	resulting	exposed	skin	
surface	area	is	3,470	cm2,	the	average	of	the	50th	percentile	for	males	and	females	older	than	18	
years	of	age	(EPA	2014a).	A	dermal	adherence	factor	of	0.3	mg/cm2	is	assumed	for	both	the	RME	
scenario	and	the	CTE	scenario	(EPA	2014a).	Chemical‐specific	dermal	absorption	fractions	for	
COPCs	are	presented	in	Table	B‐4.8	in	Appendix	B.		

4.3.3 Construction/Utility Workers  
Construction/utility	workers	are	assumed	to	be	exposed	to	soils/sediment	for	8	hours	per	day	for	
5	months	(100	workdays)	per	year	for	a	total	duration	of	1	year	for	the	RME	scenario.	The	CTE	
scenario	is	not	evaluated	for	construction	workers.	A	life	expectancy	of	70	years	(EPA	1989)	is	
used	as	the	averaging	time	for	exposure	to	carcinogenic	contaminants.	The	averaging	time	for	
noncancer	effects	is	equal	to	the	exposure	duration,	365	days	for	construction	workers.	A	body	
weight	of	80	kg	is	used	for	construction	workers	(EPA	2014a).	

For	the	soil/sediment	ingestion	exposure	pathway,	construction	workers	are	assumed	to	ingest	
330	mg	of	soil	per	day	(EPA	2002a).	For	dermal	contact	with	soil,	construction	workers	are	
assumed	to	wear	a	short‐sleeved	shirt,	long	pants,	and	shoes;	therefore,	the	exposed	skin	surface	
is	limited	to	the	head,	hands,	and	forearms	(3,470	cm2,	[EPA	2014a]).	A	dermal	adherence	factor	
of	0.3	mg/cm2	is	assumed	(EPA	2004),	corresponding	to	the	95th	percentile	value	that	has	been	
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measured	for	construction	workers.	The	chemical‐specific	dermal	absorption	factors	for	COPCs	
are	presented	in	Table	B‐4.8	in	Appendix	B.	

4.3.4 Future On‐Property Residents  
Future	residents	are	assumed	to	be	exposed	for	350	days	per	year	for	both	the	RME	and	CTE	
scenarios	(EPA	1991).	The	total	RME	duration	for	residents	is	assumed	to	be	26	years	(EPA	
2014):	20	years	as	an	adult	and	6	years	as	a	young	child.	The	CTE	duration	for	adult	residents	is	
9	years,	based	on	the	50th	percentile	value	for	years	living	in	current	home	(EPA	2004).	The	CTE	
duration	for	child	residents	is	6	years	(EPA	1991).	A	body	weight	of	80	kg	is	used	for	all	adult	
residents	and	15	kg	for	children	(0	to	6	years	old)	under	both	scenarios	(EPA	2014a).	

Exposure	to	noncarcinogenic	COPCs	and	carcinogenic	COPCs	with	significant	noncarcinogenic	
effects	is	estimated	based	on	exposures	only	during	the	6	years	of	childhood,	excluding	exposures	
experienced	during	adulthood.	The	rationale	for	this	approach	is	because	young	children	
generally	have	higher	relative	intake	rates	when	compared	to	older	children	and	adults.	The	child	
resident	exposure	scenario	provides	a	conservative	basis	for	evaluating	noncarcinogenic	
exposures	to	all	other	age	groups.		

Exposure	to	carcinogens	is	based	on	cumulative	contact	and	is	affected	by	age‐dependent	intake	
factors.	To	take	into	account	the	difference	in	daily	ingestion	rates,	body	weights,	and	exposure	
durations	for	young	children	and	adults,	age‐adjusted	intake	factors	are	used	estimating	
carcinogenic	risk	(EPA	1991).	This	calculation	is	accomplished	by	using	factors	for	a	child	for	the	
first	years	of	exposure	and	adult	factors	for	the	remainder	of	the	exposure	period.	

Groundwater 
For	groundwater	ingestion	exposure	parameters,	adult	residents	are	assumed	to	consume	
2.5	liters	of	water	per	day	for	the	RME	scenario	(EPA	2014a).	Adult	residents	are	assumed	to	
consume	0.7	liters	per	day	(L/day)	for	the	CTE	scenario	(EPA	2011).	A	water	intake	rate	of	0.78	
L/day	is	assumed	for	child	residents	(EPA	2014a).	The	CTE	drinking	water	intake	rate	for	
children	is	assumed	to	be	0.3	(EPA	2011).	The	exposed	skin	surface	for	adult	and	child	residents	
during	showering	or	bathing	is	20,900	and	6,378	cm2,	respectively	(EPA	2014a)	for	both	
scenarios.		

Soil 
For	the	RME	soil	ingestion	exposure	pathway,	adult	and	child	residents	are	assumed	to	ingest	100	
and	200	mg	of	soil	per	day	(EPA	2014a),	respectively.	Under	CTE,	the	soil	ingestion	rates	are	one	
half	the	RME	values	or	50	mg	of	soil	per	day	for	adults	and	100	mg	soil	per	day	for	children.	
Exposed	skin	surface	area	for	adults	for	RME	and	CTE	is	6,032	cm2	(EPA	2014a).	A	dermal	
adherence	factor	of	0.07	mg/cm2	is	assumed	for	adults	for	RME	and	0.01	for	CTE.	Exposed	skin	
surface	area	for	children	for	RME	and	CTE	is	2,690	cm2	(EPA	2014a).	A	dermal	adherence	factor	
of	0.2	mg/cm2	is	assumed	for	children	for	RME	and	0.04	(EPA	2014a)	for	CTE	(EPA	2004).	The	
chemical‐specific	dermal	absorption	factors	for	COPCs	are	presented	in	Table	B‐4.8	in	Appendix	
B.	
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4.3.5 RESRAD and PRG Calculator Exposure Assumptions 
The	RESRAD	model	used	to	estimate	health	impacts	due	to	exposure	to	radionuclides	
incorporates	the	same	basic	assumptions	described	above	in	a	somewhat	different	form.	
Exposure	assumptions	used	in	RESRAD	and	the	PRG	calculator	were	adjusted	to	be	consistent	if	
possible,	However,	some	RESRAD	assumptions	do	not	have	counterparts	in	the	PRG	calculator.	
For	example,	RESRAD	performs	time‐dependent	modeling	and	evaluates	potential	radiation	
exposures	and	cancer	risk	at	current	time	(time	0)	as	well	as	future	times	selected	by	the	user.	
The	PRG	calculator	evaluates	exposure	and	cancer	risks	for	a	single	time	interval.	Additionally,	
the	PRG	calculator	does	not	model	the	emission	of	thoron	and	radon	from	soil	contaminated	with	
radon	precursors.	Therefore,	the	comparison	of	modeling	for	the	inhalation	pathway	focuses	on	
the	emission	of	contaminated	soil(dust)	particles	and	the	cancer	risks	associated	with	inhalation	
of	airborne	particles.		

In	RESRAD,	occupancy,	inhalation,	and	ingestion	data	are	used	to	estimate	yearly	exposure.	
Occupancy	is	the	estimated	time	each	receptor	is	exposed	to	the	source	material.	The	duration	of	
exposure	is	the	number	of	years	the	receptor	spends	in	or	near	the	contaminated	zone.	
Occupancy	is	further	defined	by	the	amount	of	time	the	subject	spends	indoors	(inside	fraction)	
or	outdoors	(outside	fraction)	at	the	contaminated	zone	during	each	year	of	exposure.		

Inhalation	rates	were	estimated	based	on	the	level	of	physical	activity	for	each	receptor	
anticipated.	Inhalation	was	assessed	using	receptor	specific	inhalation	rates	from	the	EPA	
calculator	adjusted	from	time‐weighted	averages	(i.e.,	conversion	from	cubic	meters	per	day	
[m3/day]	to	cubic	meters	per	year	[m3/yr])	for	input	into	the	RESRAD	model.	The	source	for	most	
of	the	recommended	EPA	Calculator	inhalation	rates	is	the	EPA	Exposure	Factors	Handbook	(EPA	
1997a).	Inhalation	rates	for	all	receptors	are	shown	on	Table	B‐4.6	in	Appendix	B.		

Soil	ingestion	rates	for	each	receptor	were	adjusted	from	EPA	recommended	(EPA	2014a)	rates	
of	milligrams	per	day	(mg/day)	to	grams	per	year	(g/yr)	for	input	into	the	model.	Groundwater	
ingestion	rates	for	each	receptor	were	adjusted	from	EPA	recommended	(EPA	2014)	rates	of	
liters	per	day	(L/day)	to	liters	per	year	(L/yr).	Ingestion	rates	for	all	receptors	are	shown	on	
Table	B‐4.6	in	Appendix	B.		

Residents	were	also	evaluated	for	consumption	of	homegrown	produce,	In	the	PRG	calculator	
default	produce	intakes	rates	are	estimated	for	22	fruits	and	vegetables,	rice	and	cereal	grain.	The	
ingestion	rate	for	fruits,	vegetables,	and	leafy	vegetables	was	adjusted	in	RESRAD	to	correspond	
to	the	total	intake	rate	estimated	in	the	PRG	calculator.	For	this	analysis,	homegrown	fruit	from	
trees	(i.e.,	apple,	citrus,	peaches,	and	pears),	corn,	pumpkins,	rice,	and	cereal	grain	were	not	
included	in	the	produce	uptake	estimation.	The	small	size	of	the	site	would	limit	production	of	
crops	requiring	large	amounts	of	space.	
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Section 5 

Toxicity Assessment 

The	toxicity	assessment	provides	chemical‐specific	qualitative	and	quantitative	descriptions	of	
health	impacts	of	COPCs.	Toxicity	assessment	is	the	process	of	characterizing	the	relationship	
between	the	dose	of	a	chemical	and	the	anticipated	incidence	of	an	adverse	health	effect.	For	risk	
assessment	purposes,	toxic	chemical	effects	are	separated	into	two	categories	of	toxicity:	
carcinogenic	effects	and	noncarcinogenic	effects.	This	division	relates	to	the	currently	held	
scientific	opinion	that	the	mechanisms	of	action	for	these	endpoints	differ.	For	carcinogens,	it	is	
assumed	that	any	level	of	exposure	has	a	finite	possibility	of	causing	cancer;	therefore,	there	is	no	
threshold	dose	for	carcinogenic	effects.	That	is,	a	single	exposure	to	a	carcinogenic	chemical	may,	
at	any	level,	result	in	an	increased	probability	of	developing	cancer.	This	risk	becomes	
vanishingly	small	at	low	levels	of	exposure.	For	chemicals	exhibiting	noncarcinogenic	effects,	it	is	
believed	that	humans	have	protective	mechanisms	that	must	be	overcome	before	an	adverse	
effect	occurs;	therefore,	there	is	a	threshold	dose	for	these	effects.	This	threshold	concept	view	of	
noncarcinogenic	effects	holds	that	a	range	of	exposures	up	to	some	defined	threshold	can	be	
tolerated	by	humans	without	appreciable	risk	of	harm.	

Toxicity	values	are	used	to	evaluate	the	potential	for	each	COPC	to	cause	adverse	effects	in	
exposed	individuals.	Quantitative	toxicity	criteria	developed	by	EPA	are	generally	numerical	
expressions	of	the	relationship	between	dose	(exposure)	and	response	(adverse	health	effects).	
Adverse	effects	include	both	carcinogenic	and	noncarcinogenic	health	effects	in	humans,	and	
separate	toxicity	values	are	developed	for	carcinogenic	and	noncarcinogenic	(i.e.,	systemic)	
health	effects.	Toxicity	values	for	carcinogens	are	provided	as	cancer	slope	factors	(CSFs)	in	units	
of	risk	per	milligram	of	chemical	per	kilogram	of	body	weight	per	day.	A	CSF	is	developed	based	
on	the	assumption	that	no	threshold	for	carcinogenic	effects	exists	and	that	any	exposure	is	
associated	with	some	finite	risk	of	cancer.	Toxicity	values	for	noncarcinogen	or	for	significant	
systemic	effects	caused	by	carcinogens	are	provided	as	reference	doses	(RfD)	in	units	of	mg/kg‐
day.	RfDs	are	interpreted	as	thresholds	below	which	adverse	health	effects	are	not	expected	to	
occur	even	in	the	most	sensitive	individuals	in	a	population.	CSFs	and	RfDs	are	used	in	
conjunction	with	estimates	of	exposure	to	quantify	risks	and	health	hazards	to	exposed	
individuals.	

Health	criteria	used	in	this	risk	assessment	are	selected	according	to	a	hierarchy	established	in	
the	Office	of	Solid	Waste	and	Emergency	Response	(OSWER)	directive	9285.7‐53	(EPA	2003).	
This	value	hierarchy	is	as	follows:		

 Tier	1	–	EPA’s	IRIS		

 Tier	2	–	EPA’s	Provisional	Peer	Reviewed	Toxicity	Values	(PPRTVs):	The	Office	of	Research	
and	Development/National	Center	for	Environmental	Assessment	(NCEA)/Superfund	
Health	Risk	Technical	Support	Center	develops	PPRTVs	on	a	chemical‐specific	basis	when	
requested	by	EPA’s	Superfund	program.	
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 Tier	3	–	Other	Toxicity	Values:	Tier	3	includes	additional	EPA	and	non‐EPA	sources	of	
toxicity	information,	such	as	the	California	Environmental	Protection	Agency	(Cal/EPA)	
and	ATSDR.	Priority	should	be	given	to	those	sources	of	information	that	are	the	most	
current,	the	basis	for	which	is	transparent	and	publicly	available,	and	which	have	been	
peer‐reviewed.		

5.1 Health Effects Criteria for Noncarcinogens 
For	chemicals	that	exhibit	noncancer	(e.g.,	systemic)	effects,	many	authorities	consider	organisms	
to	have	repair	and	detoxification	capabilities	that	must	be	exceeded	by	some	critical	
concentration	(threshold)	before	the	health	effect	is	manifested.	This	threshold	view	holds	that	a	
range	of	exposures	from	just	above	zero	to	some	finite	value	can	be	tolerated	by	the	organism	
without	an	appreciable	risk	of	adverse	effects.	

Health	criteria	for	chemicals	exhibiting	noncancer	effects	for	use	in	risk	assessment	are	generally	
EPA‐derived	RfDs	and	reference	concentrations	(RfCs).	The	RfD	or	RfC	is	an	estimate	of	average	
daily	exposure	of	an	individual	(including	sensitive	individuals)	to	a	given	chemical	that	is	likely	
to	be	without	appreciable	risk	of	deleterious	effects	during	a	lifetime.	The	RfD	is	expressed	in	
units	of	mg/kg‐day,	whereas	the	RfC	is	expressed	in	units	of	mg	chemical	per	cubic	meter	of	air	
(mg/m3).	

RfDs	and	RfCs	are	usually	derived	either	from	human	studies	involving	work‐place	exposures	or	
from	animal	studies	and	are	adjusted	using	uncertainty	factors	to	ensure	that	they	are	unlikely	to	
underestimate	the	potential	for	adverse	noncancer	effects	to	occur.	The	uncertainty	factors	
reflect	scientific	judgment	regarding	the	various	types	of	data	used	to	estimate	the	RfD/RfC	and	
range	between	1	and	10.	For	example,	a	factor	of	10	may	be	introduced	to	account	for	possible	
differences	in	response	between	humans	and	animals	in	prolonged	exposure	studies.	Other	
factors	may	be	used	to	account	for	variation	in	susceptibility	among	individuals	in	the	human	
population,	use	of	data	from	a	study	with	less‐than‐lifetime	exposure,	and/or	use	of	data	from	a	
study	that	did	not	identify	a	no‐observed‐adverse‐effect	level	(NOAEL).	

RfDs	and	RfCs	provide	benchmarks	against	which	estimated	doses	(i.e.,	those	projected	from	
human	exposures	to	various	environmental	conditions)	might	be	compared.	Doses	that	are	
significantly	higher	than	the	RfD/RfC	may	indicate	an	increased	hazard	from	the	exposure,	while	
doses	that	are	lower	than	the	RfD/RfC	are	not	likely	to	be	associated	with	adverse	health	effects.	
Note	that	an	exceedance	of	a	reference	dose	or	concentration	does	not	predict	a	specific	disease	
or	disease	incidence.	

5.2 Health Effects Criteria for Chemical Carcinogens 
For	chemicals	that	exhibit	cancer	effects,	EPA	and	other	scientific	authorities	recognize	that	one	
or	more	molecular	events	can	evoke	changes	in	a	single	cell	or	a	small	number	of	cells	that	can	
lead	to	malignancy.	This	non‐threshold	theory	of	carcinogenesis	purports	that	any	level	of	
exposure	to	a	carcinogen	can	result	in	some	finite	possibility	of	causing	cancer.	Generally,	
regulatory	agencies	assume	the	non‐threshold	hypothesis	for	carcinogens	in	the	absence	of	
information	concerning	the	mechanisms	of	cancer	action	for	the	chemical.	The	slope	factor	(SF)	
[in	units	of	(mg/kg	body	weight‐day)‐1]	is	a	number	which,	when	multiplied	by	the	lifetime	
average	daily	dose	of	a	carcinogen	(in	mg/kg	body	weight‐day),	yields	the	upper‐bound	lifetime	
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excess	cancer	risk	associated	with	exposure	at	that	dose.	The	CSF	is	developed	for	exposure	
through	the	oral	route.		

The	inhalation	unit	risk	(IUR)	is	the	upper‐bound	excess	lifetime	cancer	risk	estimated	to	result	
from	continuous	exposure	to	a	chemical	at	a	concentration	of	1	microgram	per	cubic	meter	
(µg/m3	in	air).	Upper‐bound	is	a	term	used	by	EPA	to	reflect	the	conservative	nature	of	the	SFs	
and	IURs—risks	estimated	using	SFs	and	IURs	are	considered	unlikely	to	underestimate	actual	
risks	and	may	overestimate	risks	for	a	given	exposure.	Excess	lifetime	cancer	risks	are	generally	
expressed	in	scientific	notation	and	are	probabilities.	An	excess	lifetime	cancer	risk	of	1×10‐6,	for	
example,	represents	the	incremental	probability	that	an	individual	will	develop	cancer	as	a	result	
of	exposure	to	a	carcinogen	over	a	70‐year	lifetime	under	specified	exposure	conditions.	

In	practice,	SF	and	IUR	estimates	are	derived	from	the	results	of	human	epidemiology	studies	or	
chronic	animal	bioassays.	The	animal	studies	are	conducted	for	a	range	of	doses,	including	a	high	
dose,	in	order	to	detect	possible	adverse	effects.	Since	humans	are	expected	to	be	exposed	at	
lower	doses	than	those	used	in	animal	studies,	the	data	are	adjusted	via	mathematical	models.	
The	data	from	animal	studies	are	typically	fitted	to	the	linearized	multistage	model	to	obtain	a	
dose‐response	curve.	EPA	evaluates	a	range	of	possible	models	based	on	the	available	data	before	
conducting	the	extrapolation.	The	most	appropriate	model	to	reflect	the	data	is	selected	based	on	
an	analysis	of	the	data	set.	

The	95%	UCL	slope	of	the	dose‐response	curve,	subject	to	various	adjustments	and	an	inter‐
species	scaling	factor,	is	applied	to	derive	the	health	protective	SF	and	IUR	estimate	for	humans.	
Dose‐response	data	from	human	epidemiological	studies	are	fitted	to	dose‐time‐response	curves.	
These	models	provide	rough,	but	reasonable,	estimates	of	the	upper	limits	on	lifetime	risk.	SF	and	
IUR	estimates	based	on	human	epidemiological	data	are	also	derived	using	health	protective	
assumptions	and,	as	such,	they	too	are	considered	unlikely	to	underestimate	risks.	

Therefore,	while	the	actual	risks	associated	with	exposures	to	carcinogens	are	unlikely	to	be	
higher	than	the	risks	calculated	using	SF	and	IUR	estimates,	they	could	be	considerably	lower.	In	
addition,	there	are	varying	degrees	of	confidence	in	the	weight	of	evidence	for	the	carcinogenicity	
of	any	given	chemical.	EPA	(1986)	has	proposed	a	system	for	characterizing	the	overall	weight	of	
evidence	based	on	the	availability	of	animal,	human,	and	other	supportive	data.	The	weight‐of‐
evidence	classification	is	an	attempt	to	determine	the	likelihood	that	an	agent	is	a	human	
carcinogen	and	thus	qualitatively	affects	the	estimation	of	health	risks.	Three	major	factors	are	
considered	in	characterizing	the	overall	weight	of	evidence	for	human	carcinogenicity:	

 The	availability	and	quality	of	evidence	from	human	studies	

 The	availability	and	quality	of	evidence	from	animal	studies	

 Other	supportive	information	that	is	assessed	to	determine	whether	the	overall	weight	of	
evidence	should	be	modified	

Under	EPA’s	risk	assessment	guidelines	(EPA	1986,	1996,	1999),	classification	of	the	overall	
weight	of	evidence	includes	the	following	five	categories:	
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 Group	A	–	Human	Carcinogen:	There	is	at	least	sufficient	evidence	from	human	
epidemiological	studies	to	support	a	causal	association	between	an	agent	and	cancer.	

 Group	B	–	Probable	Human	Carcinogen:	There	is	at	least	limited	evidence	from	
epidemiological	studies	of	carcinogenicity	in	humans	(Group	B1),	or,	in	the	absence	of	
adequate	human	data,	there	is	sufficient	evidence	of	carcinogenicity	in	animals	(Group	B2).	

 Group	C	–	Possible	Human	Carcinogen:	There	is	inadequate	evidence	of	carcinogenicity	in	
humans.	

 Group	D	–	Not	Classified:	There	is	inadequate	data	or	no	existing	data	for	the	chemical.	

 Group	E	–	No	Evidence	of	Carcinogenicity	in	Humans:	There	is	no	evidence	for	
carcinogenicity	based	on	at	least	two	adequate	animal	tests	in	different	species	or	on	both	
human	epidemiological	and	animal	studies.	

The	2005	(EPA	2005a)	Cancer	Guidelines	provide	an	update	to	the	EPA’s	Cancer	Guidelines	(EPA	
1986,	1996,	1999).	The	2005	Cancer	Guidelines	emphasize	the	value	of	understanding	the	
biological	changes	that	a	chemical	can	cause	and	how	these	changes	might	lead	to	the	
development	of	cancer.	They	also	discuss	methods	to	evaluate	and	use	such	information,	
including	information	about	an	agent's	postulated	mode	of	action,	or	the	series	of	steps	and	
processes	that	lead	to	cancer	formation.	Mode‐of‐action	data,	when	available	and	of	sufficient	
quality,	may	be	useful	to	draw	conclusions	about	the	potency	of	an	agent,	its	effects	at	low	doses,	
whether	findings	in	animals	are	relevant	to	humans,	and	which	populations	or	life	stages	may	be	
particularly	susceptible.	In	the	absence	of	mode‐of‐action	information,	default	options	are	
available	to	allow	the	risk	assessment	to	proceed.	

The	2005	Guidelines	recommend	that	an	agent's	human	cancer	potential	be	described	in	a	
weight‐of‐evidence	narrative	rather	than	using	the	previously	identified	letter	categories	(A	=	
known,	B	=	probable,	C	=	possible,	D	=	not	classifiable,	and	E	=	non‐human	carcinogen).	The	
narrative	summarizes	the	full	range	of	available	evidence	and	describes	any	conditions	associated	
with	conclusions	about	an	agent's	hazard	potential.	For	example,	the	narrative	may	explain	that	
an	agent	appears	to	be	carcinogenic	by	some	routes	of	exposure	but	not	others	(e.g.,	by	inhalation	
but	not	ingestion).	Similarly,	a	hazard	may	be	attributed	to	exposures	during	sensitive	life	stages	
of	development	but	not	at	other	times.	The	narrative	also	summarizes	uncertainties	and	key	
default	options	that	have	been	invoked.	

The	following	are	the	five	recommended	standard	hazard	descriptors:	

 Carcinogenic	to	humans	

 Likely	to	be	carcinogenic	to	humans	

 Suggestive	evidence	of	carcinogenic	potential	

 Inadequate	information	to	assess	carcinogenic	potential	

 Not	likely	to	be	carcinogenic	to	humans	
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EPA	is	evaluating	the	carcinogenic	weight	of	evidence	of	chemicals	through	the	IRIS	chemical	
process.	In	this	process,	chemicals	are	nominated,	and	all	chemicals	are	evaluated	consistent	with	
the	2005	Guidelines	and	a	narrative	developed	describing	the	weight	of	evidence.	The	IRIS	
chemical	file	is	then	reviewed,	first	through	internal	EPA	consensus	review	and	then	external	
peer‐review.	The	requirements	for	in‐depth	analysis	of	mode‐of‐action	data	and	the	review	
process	do	not	allow	for	the	equating	of	a	chemical	evaluated	under	the	old	system	with	the	letter	
classification	using	the	2005	classification	narrative;	rather,	a	full	analysis	of	the	data	is	required.		

The	2005	Cancer	Guidelines	also	include	supplemental	guidance	on	the	evaluation	of	early	
lifetime	exposures,	including	the	mutagenic	mode	of	action	for	carcinogenesis.	The	supplemental	
guidance	provides	procedures	for	evaluating	chemicals	that	are	carcinogens	and	either	using	the	
data	in	the	development	of	the	potency	factors	or	using	age‐dependent	adjustment	factors.	For	
chemicals	with	a	mutagenic	mode	of	action,	the	following	age‐dependent	adjustment	factors	are	
applied	to	the	chronic	daily	intake	(EPA	2005b):	

 Age	0	to	less	than	2	years:	10	

 Age	2	to	less	than	16	years:	3	

 Age	greater	than	or	equal	to	16	years:	1	

The	supplemental	guidance	also	provides	for	the	evaluation	of	data	on	early	lifetime	exposures	
where	children	may	be	more	susceptible.	The	application	of	these	adjustments	for	specific	
chemicals	is	noted	in	the	risk	assessment	and,	where	appropriate,	in	the	presentation	of	
calculated	risks.	

5.3 Radionuclide Cancer Risk 
The	toxicity	value	used	to	evaluate	radionuclide	carcinogenic	health	effects	is	also	referred	to	as	a	
CSF.	The	radionuclide	CSF	is	a	quantitative	relationship	between	radiation	dose	and	carcinogenic	
response;	however,	unlike	the	chemical	CSF,	it	reflects	an	average	estimate	of	the	lifetime	risk	of	
cancer	associated	with	exposure	to	a	specific	concentration	of	a	carcinogen	in	an	environmental	
medium	(EPA	2011c).	The	units	of	a	radionuclide	CSF	are	expressed	as	cancer	risk	per	annual	
intake	of	radionuclide	activity,	with	units	of	risk	per	activity	(pCi)‐1.	For	external	radiation,	
radionuclide	CSFs	define	the	relationship	between	annual	cancer	risk	and	the	radionuclide	
activity	in	the	source	medium	(risk/yr	per	pCi/g).	

One	key	components	of	the	thorium	decay	series	is	thoron,	which	emanates	from	surfaces	where	
Th‐232	is	present.	A	hazard	associated	with	airborne	thoron	comes	from	its	radioactive	decay	
products,	a	large	fraction	of	which	remains	suspended	in	the	air	where	it	can	be	inhaled	and	
deposited	in	the	lungs;	the	primary	health	hazard	is	lung	cancer	due	to	alpha	particle	radiation	
from	these	decay	products	after	they	have	been	deposited	on	the	bronchial	epithelium	of	the	lung.	

EPA	slope	factors	are	derived	using	age‐	and	gender‐specific	values	for	intake	and	radionuclide	
dosimetry.	Radionuclide	CSFs	are	presented	in	the	RESRAD	model	output	in	Appendix	F.		
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5.4 Toxicity Values 
Toxicity	values	used	in	the	HHRA	are	presented	in	the	RAGS	D	tables	in	Appendix	B.	Table	B‐5.1	
summarizes	chronic	RfDs,	and	Tables	B‐5.2	summarizes	RfCs	used	to	estimate	noncancer	effects.	
In	accordance	with	the	inhalation	guidance	(EPA	2009),	the	RfC	based	on	the	next	longer	duration	
of	exposure	duration	is	used	as	a	conservative	estimate	where	the	subchronic	or	acute	RfC	is	not	
available.	Tables	B‐6.1	and	B‐6.2	summarize	the	cancer	CSFs	and	IURs	used	to	estimate	cancer	
risks.	These	criteria	are	the	most	current	data,	obtained	from	the	September	2016	online	version	
of	IRIS	and	PPRTVs,	the	September	2016	online	version	of	the	Cal/EPA	Office	of	Environmental	
Health	Hazard	Assessment	Toxicity	Criteria	Database,	and	the	ATSDR	Minimal	Risk	Levels	table	
dated	February	2012	(ATSDR	2012).	The	use	of	surrogate	toxicity	values	is	noted	in	Tables	B‐5.1	
through	B‐6.2	in	Appendix	B.	

Seven	PAHs	have	been	classified	by	EPA	as	Group	2,	probable	human	carcinogens.	Toxicity	values	
are	currently	available	only	for	benzo(a)pyrene.	Five	of	the	seven	carcinogenic	PAHs	(cPAHs)	are	
identified	as	COPCs	in	this	risk	assessment.	These	cPAHs	are	assessed	using	the	PAH‐specific	
relative	potency	factor	(RPF)	that	expresses	the	potency	relative	to	benzo(a)pyrene	(EPA	1993).	
The	RPFs	are	applied	to	derive	oral	SFs	and	IURs	for	cPAHs.		

The	cPAHs	and	other	COPCs	have	been	identified	as	having	mutagenic	mode	of	action	and	may	
have	a	greater	cancer	impact	if	exposure	occurs	during	childhood	(EPA	2005b).	Dose	estimates	
for	the	cPAHs,	trichloroethene,	and	hexavalent	chromium	are	adjusted	upward	to	include	both	
early‐life	exposures	that	may	result	in	the	occurrence	of	cancer	during	childhood	and	early‐life	
exposures	that	may	contribute	to	cancers	later	in	life.	
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Section 6 

Risk Characterization 

Risk	characterization	is	the	final	step	in	the	baseline	risk	assessment	process	and	integrates	
exposure	and	toxicity	assessments	into	quantitative	expressions	of	carcinogenic	risk	and	
noncarcinogenic	hazards	for	receptor	populations.	In	this	section	of	the	risk	assessment,	the	
human	health	risks	associated	with	the	complete	human	exposure	pathways	identified	in	Section	
4	are	assessed.	Risks	due	to	exposures	to	COPCs	in	soil	and	groundwater	from	the	Site	are	
evaluated	by	integrating	toxicity	and	exposure	assessments	into	quantitative	expressions	of	
cancer	risk	and	noncancer	health	hazards.	Risks	due	to	exposures	to	ROPCs	are	evaluated	using	
the	RESRAD	model	and	the	EPA	PRG	Calculator.	

EPA	(1992c)	guidance	suggests	that	risk	estimates	for	Superfund	sites	should	include	estimates	
based	on	RME	as	well	as	average	exposure	(or	CTE).	Estimates	based	on	RME	generally	form	the	
basis	for	remedial	decisions	at	a	site.	RME	is	considered	high‐end	exposure	that	is	still	within	a	
possible	range.	Per	EPA's	Guidelines	for	Exposure	Assessment	(EPA	1992c),	RME	typically	falls	
within	the	90th	to	99.9th	percentiles+	of	possible	exposures	and	is	the	highest	exposure	that	is	
reasonably	expected	to	occur	at	a	site.	RME	is	estimated	by	combining	average	and	upper	range	
exposure	assumptions.	This	combination	of	input	parameters	best	meets	the	goal	of	an	exposure	
estimate	that	still	falls	within	the	realm	of	possible	exposures.	

CTE	is	estimated	using	exposure	parameters	consistent	with	average	exposures.	Although	
estimates	of	RME	are	typically	used	to	develop	risk‐based	remediation	goals	for	a	site,	estimates	
of	CTE	are	provided	for	insight	into	the	range	of	exposures	that	may	occur	at	the	Site	and	the	
degree	of	conservatism	associated	with	the	RME	estimates.	In	this	HHRA	average	exposure	and	
risk	are	estimated	as	a	basis	for	comparison	for	all	exposure	pathways	where	RME	assumptions	
resulted	in	risks	above	EPA	thresholds.	

RME	cancer	risk	and	noncancer	health	hazard	calculations	for	all	COPCs	are	presented	in	
Tables	B‐7.1a	through	B‐7.7	in	Appendix	B	and	summarized	in	Tables	B‐9.1	through	B‐9.4.	Cancer	
risks	for	radionuclides	for	all	receptors	quantitatively	evaluated	are	summarized	in	RESRAD	
(Appendix	F)	and	PRG	Calculator	(Appendix	G)	outputs	and	in	Table	6‐1.	Table	B‐8.1	in	Appendix	
B	provides	a	summary	of	radionuclide	cancer	risks	for	residents.	Because	models	are	used	to	
estimate	radionuclide	cancer	risks	and	intakes	and	slope	factors	can	vary	in	time	not	all	receptor	
scenarios	are	transferred	into	the	RAGS	D	format.	CTE	cancer	risk	and	noncancer	hazard	
calculations	are	presented	in	RAGS	Part	D	Tables	C‐7.1	through	C‐7.4	in	Appendix	C.	Tables	B‐
10.1	through	B‐10.4	in	Appendix	B	summarize	cancer	risk	and	noncancer	hazards	for	COPC.	Total	
risks	for	both	COPCs	and	ROPCs	and	HIs	for	COPCs	are	summarized	for	each	receptor	in	Table	6‐
1.	

6.1 Overview of Chemical Risk Characterization 
Carcinogenic	risks	and	noncarcinogenic	health	effects	are	evaluated	separately	because	of	
fundamental	differences	in	their	critical	toxicity	values.	Cancer	risks	are	estimated	as	the	
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incremental	probability	of	an	individual	to	develop	cancer	over	a	lifetime	as	a	result	of	exposure	
to	a	carcinogen.	The	upper‐bound	excess	lifetime	cancer	risk	is	estimated	by	multiplying	the	
lifetime	exposure	estimated	in	the	exposure	assessment	(Section	4)	by	the	cancer	SF	or	IUR	
identified	in	the	toxicity	assessment	(Section	5).	Excess	lifetime	cancer	risks	are	generally	
expressed	in	scientific	notation	and	are	probabilities.	An	excess	lifetime	cancer	risk	of	1×10‐6,	for	
example,	represents	the	incremental	probability	that	an	individual	will	develop	cancer	as	a	result	
of	exposure	to	a	carcinogenic	chemical	over	a	70‐year	lifetime	under	specified	exposure	
conditions.	

Noncancer	health	effects	are	evaluated	by	comparing	an	exposure	level	or	concentration	over	a	
specified	time	with	an	RfD	or	RfC	derived	for	a	similar	exposure	period.	This	ratio	of	exposure	to	
toxicity	is	referred	to	as	an	HQ.	The	HI	is	the	sum	of	the	HQs	from	individual	chemicals	and	
exposure	routes.	If	the	HI	exceeds	unity	(1),	HQs	for	individual	COPCs	with	similar	toxicological	
effects	or	mechanism	of	action	may	be	summed	to	yield	a	target	organ/effect‐specific	HI	(EPA	
1989).	The	target	organ/effect‐specific	HI	is	calculated	by	summing	HQs	for	chemicals	with	
similar	toxicological	effects	(e.g.,	developmental	toxicity)	or	target	organs	(e.g.,	liver).	If	the	sum	
of	all	HIs	is	less	than	1,	no	target	organ/effect‐specific	HIs	are	calculated	because	they	would	not	
exceed	1.	The	HI	assumes	that	there	is	a	level	of	exposure	below	which	it	is	unlikely	even	for	
sensitive	populations	to	experience	adverse	health	effects.	However,	this	value	should	not	be	
interpreted	as	a	probability;	generally,	the	greater	the	HI	is	above	unity,	the	greater	the	level	of	
concern.	

In	general,	EPA	recommends	a	target	cancer	risk	range	of	1×10‐6	to	1×10‐4	and	a	target	HI	value	of	
unity	(1)	as	threshold	values	for	human	health	impacts.	The	results	presented	in	the	spreadsheet	
calculations	are	compared	to	these	target	values.	These	comparisons	help	put	risk	estimates	into	
perspective	for	risk	managers.	

6.1.1 Carcinogenic Risks 
Cancer	risk	is	estimated	as	the	incremental	probability	of	an	individual	developing	cancer	over	a	
lifetime	as	a	result	of	exposure	to	a	carcinogen.	The	upper	bound	excess	lifetime	carcinogenic	risk	
is	estimated	by	multiplying	the	estimated	exposure	level	(the	lifetime	average	daily	dose	[LADD])	
by	the	cancer	SF	for	oral	and	dermal	routes	of	exposure.	For	inhalation,	the	upper	bound	excess	
lifetime	carcinogenic	risk	is	estimated	by	multiplying	the	estimated	exposure	concentration	in	air	
(EC)	by	the	inhalation	unit	risk	(IUR).	

where:	

Risk	 =	 Estimated	chemical‐specific	individual	excess	lifetime	cancer	risk	
via	the	specified	route	of	exposure	

LADD	 =	 Lifetime	Average	Daily	Dose	(mg/kg‐day)	

IURECRisk

or

CSFLADDRisk
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CSF	 =	 Route‐	and	chemical‐specific	cancer	slope	factor	(mg/kg‐day)‐1	

EC	 =	 Exposure	concentration	in	air	(µg/m3)	

IUR	 =	 Chemical‐specific	inhalation	unit	risk	(µg/m3)‐1	

Excess	lifetime	cancer	risks	are	generally	expressed	in	scientific	notation	as	incremental	
probabilities.	An	excess	lifetime	cancer	risk	of	1	×	10‐6,	for	example,	represents	the	incremental	
probability	that	an	individual	will	develop	cancer	as	a	result	of	exposure	to	a	carcinogenic	
chemical	over	a	70‐year	lifetime	under	specified	exposure	conditions.	This	increment	is	in	
addition	to	the	risk	of	developing	cancer	from	causes	unrelated	to	the	exposure	that	is,	it	is	in	
addition	to	the	“background”	cancer	risk	of	1	in	2	for	men	and	1	in	3	for	women	that	currently	
exists	in	the	U.S.	(American	Cancer	Society	2009).		

EPA	has	recently	provided	additional	guidance	for	children’s	carcinogenic	risk	assessment.	
Chemicals	that	have	been	identified	as	having	mutagenic	mode	of	action	may	have	a	greater	
carcinogenic	impact	if	exposure	occurs	during	childhood	(EPA	2005).	Dose	estimates	for	
residents	are	adjusted	upward	to	include	both	early‐life	exposures	that	may	result	in	the	
occurrence	of	cancer	during	childhood	and	early‐life	exposures	that	may	contribute	to	cancers	
later	in	life.	Several	COPC	(e.g.,	PAHs,	and	trichloroethene	[TCE])	selected	for	the	Site	have	been	
determined	to	have	a	mutagenic	mode	of	action.		

As	outlined	in	the	National	Contingency	Plan,	incremental	cancer	risks	to	an	individual	in	the	
range	of	1×10‐6	to	1×10‐4	are	generally	considered	acceptable	by	EPA	(1991).	EPA	uses	this	target	
risk	range	to	evaluate	the	need	for	remediation	or	mitigation	at	a	site.	In	general,	risks	above	the	
top	of	this	risk	range	imply	a	need	for	remediation	or	mitigation,	risks	within	the	range	may	not	
require	remediation	or	mitigation	and	risk	below	the	risk	range	are	typically	considered	de	
minimus.	In	all	cases,	however,	exposure	conditions,	size	of	exposed	population,	technological	
limitations,	non‐cancer	risks,	ecological	risks	and	other	considerations	necessitate	risk	
management	decisions	on	a	site‐specific	basis	(EPA	1991).		

6.1.2 Noncarcinogenic Risks 
The	potential	for	noncarcinogenic	health	effects	is	evaluated	by	comparing	an	exposure	level	over	
a	specified	time	period	with	an	RfD	or	RfC	derived	for	a	similar	exposure	period.	This	ratio	of	
exposure	to	toxicity	is	referred	to	as	an	HQ.	The	HQ	is	a	unitless	ratio	of	a	receptor's	exposure	
level	(or	dose)	to	the	"acceptable"	(or	allowable)	exposure	level.	The	HQ	is	defined	by	the	
equation:		

where:	

HQ	 =	 Estimated	chemical‐specific	hazard	quotient	

RfC

EC
HQ

or

RfD

ADD
HQ
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ADD	 =	 Chemical‐specific	daily	intake	(mg/kg‐day)	

RfD	 =	 Route‐	and	chemical‐specific	reference	dose	(mg/kg‐day)	

EC	 =	 Exposure	concentration	in	air	(µg/m3)	

RfC	 =	 Chemical‐specific	inhalation	reference	concentration	(µg/m3)	

	

An	HQ	greater	than	1	indicates	that	adverse	health	effects	from	the	chemical	exposure	may	occur	
although	the	same	HQ	may	not	equate	to	the	same	magnitude	of	adverse	health	effects	for	all	
chemicals.	HQ	interpretation	considers	the	shape	and	slope	of	the	dose‐response	curve	in	the	
area	of	observation,	the	magnitude	of	uncertainty	and	modifying	factors	to	the	RfD/RfC,	and	the	
confidence	assigned	to	the	RfD/RfC	by	EPA.	

An	HI	is	a	summation	of	HQs	for	a	particular	pathway	or	from	several	pathways.	If	the	HI	exceeds	
1,	further	evaluation	is	required.	Summation	of	HQs	may	overestimate	hazards	since	chemicals	
may	affect	a	variety	of	different	organs	or	systems	within	the	body.	Chemicals	affecting	different	
organs	or	systems	may	act	independently,	and	it	is	not	appropriate	to	add	HQs	for	such	chemicals.	
Thus,	if	the	HI	for	a	pathway	or	a	combination	of	pathways	is	1	or	above,	HIs	are	further	
evaluated	by	grouping	together	those	chemicals	that	affect	the	same	organ.	If	the	HI	exceeds	unity	
(1),	the	ADD	is	higher	than	a	“safe”	exposure	level	and	some	concern	for	noncancer	effects	exists;	
however,	this	value	should	not	be	interpreted	as	a	probability.	Generally,	the	greater	the	HI	above	
unity,	the	greater	the	level	of	concern.		

Essentially	all	chemicals	can	cause	adverse	health	effects	if	given	at	a	high	enough	dose.	However,	
when	the	dose	is	sufficiently	low,	typically	no	adverse	effect	is	observed.	Thus,	in	characterizing	
the	noncancer	effects	of	a	chemical,	the	key	parameter	is	the	threshold	dose	at	which	an	adverse	
effect	first	becomes	evident.	Doses	below	the	threshold	are	considered	to	be	safe,	whereas	doses	
above	the	threshold	are	likely	to	cause	an	effect.	The	threshold	dose	is	typically	estimated	from	
toxicological	data	(derived	from	studies	of	humans	and/or	animals)	by	finding	the	highest	dose	
that	does	not	produce	an	observable	adverse	effect	and	the	lowest	dose	that	does	produce	an	
effect.	These	are	referred	to	as	the	NOAEL	and	the	lowest‐observed‐adverse‐effect‐level	(LOAEL),	
respectively.	The	threshold	is	presumed	to	lie	in	the	interval	between	the	NOAEL	and	the	LOAEL.	
However,	in	order	to	be	conservative	(protective),	noncancer	risk	evaluations	are	not	based	
directly	on	the	threshold	exposure	level	but	on	a	value	referred	to	as	the	RfD.	The	RfD	is	an	
estimate	(with	uncertainty	spanning	perhaps	an	order	of	magnitude)	of	a	daily	exposure	to	the	
human	population	(including	sensitive	subgroups)	that	is	likely	to	be	without	an	appreciable	risk	
of	deleterious	effects	during	a	lifetime.	The	RfD	is	derived	from	the	NOAEL	(or	the	LOAEL	if	a	
reliable	NOAEL	is	not	available)	by	dividing	by	an	uncertainty	factor.	If	the	data	are	from	studies	
in	humans,	and	if	the	observations	are	very	reliable,	the	uncertainty	factor	may	be	as	small	as	1.0.	
However,	the	uncertainty	factor	is	normally	at	least	10	and	can	be	much	higher	if	the	data	are	
limited.	The	effect	of	dividing	the	NOAEL	or	the	LOAEL	by	an	uncertainty	factor	is	to	ensure	that	
the	RfD	is	not	higher	than	the	threshold	level	for	adverse	effects.	Uncertainty	factors	are	applied	
to	correct	for	the	possibilities	that	humans	may	be	more	sensitive	than	experimental	animals	and	
that	there	may	be	sensitive	subpopulations	of	humans	(e.g.,	children,	pregnant	women,	
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individuals	with	respiratory	problems).	Thus,	there	is	always	a	margin	of	safety	built	into	an	RfD,	
and	doses	equal	to	or	less	than	the	RfD	are	nearly	certain	to	be	without	any	risk	of	adverse	effect.	
Doses	higher	than	the	RfD	may	carry	some	risk,	but	because	of	the	margin	of	safety,	a	dose	above	
the	RfD	does	not	mean	that	an	effect	will	necessarily	occur.	

For	noncancer	hazards,	EPA	typically	uses	a	target	HI	of	1.	Where	HIs	exceed	this	target,	
remediation	and/or	mitigation	may	be	indicated.	However,	no	bright‐line	rule	is	established	at	an	
HI	of	1,	and	risk	management	decisions	are	made	on	a	site‐by‐site	basis.	An	HI	of	1	or	less	for	
exposure	via	all	chemicals	and	routes	or	an	HQ	of	1	or	less	in	the	event	that	only	one	contaminant	
and/or	exposure	route	is	assessed,	indicates	that	the	receptor's	exposure	is	equal	to	or	less	than	
an	"allowable"	exposure	level,	and	adverse	health	effects	are	considered	unlikely	to	occur.	When	
the	cumulative	HI	is	less	than	or	equal	to	1,	a	conclusion	of	"no	significant	risk	of	harm	to	human	
health"	based	on	noncancer	effects	is	appropriate.	Chronic	intakes	that	are	greater	than	the	RfD	
(i.e.,	an	HI	greater	than	1)	indicate	a	possibility	for	adverse	effects,	at	least	in	sensitive	
populations,	and	therefore	may	require	further	evaluation.	However,	whether	such	exposure	
actually	produce	adverse	effects	will	(depending	on	the	chemical)	be	a	function	of	a	number	of	
factors	such	as	the	accuracy	of	uncertainty	factors	applied	to	the	NOAEL,	the	appropriateness	of	
animal	model	used	in	studies	extrapolated	to	humans,	and	the	potential	for	the	chemical	to	cause	
effects	in	organs	or	systems	(e.g.,	reproductive	and	immune	systems)	that	have	not	been	
adequately	studied.	It	is	generally	accepted	that	the	protective	assumptions	made	by	EPA	in	
deriving	RfDs	will,	in	most	cases,	mean	that	exposures	slightly	in	excess	of	the	RfD	will	be	
associated	with	a	low	risk	for	adverse	effects,	with	the	probability	of	adverse	effects	increasing	
with	increasing	exposure.	

6.1.3 Results of Chemical Risk Calculations 
The	section	presents	risk	characterization	results	for	carcinogenic	and	noncarcinogenic	effects.	
The	risk	estimates	presented	are	based	on	RME	scenarios	and	developed	by	taking	into	account	
various	conservative	assumptions	about	the	frequency	and	duration	of	exposure	as	well	as	the	
toxicity	of	COPC.	Risk	estimates	presented	in	the	following	subsections	reflect	total	
concentrations	of	COPCs.	Therefore,	they	likely	include	the	contributions	from	other	sources	(e.g.,	
tetrachloroethene	[PCE]	in	groundwater)	in	the	area	and	from	background	(e.g.,	arsenic).	Results	
are	summarized	in	the	following	subsections	for	each	receptor	population.		

6.1.3.1 Current Receptors 

Due	to	the	developed	nature	of	the	FWACC	direct	exposure	to	COPCs	in	soil	is	not	complete	for	
current	receptors.	Current	receptors	may	be	exposed	to	volatiles	emanating	from	groundwater	to	
indoor	air;	this	exposure	pathway	is	discussed	in	Section	6.1.3.3.	

6.1.3.2 Future Receptors 

Future	receptors	quantitatively	evaluated	for	exposure	to	COPCs	include	residents,	industrial	
workers,	commercial	indoor	workers,	and	construction/utility	workers.	

Future On‐Property Residents RME Scenario  
Future	on	property	residents	may	be	exposed	to	COPCs	in	surface	soil	via	incidental	ingestion,	
dermal	contact	and	inhalation	of	particulates.	Future	residents	may	also	be	exposed	to	COPCs	in	
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groundwater	used	as	drinking	water.	In	addition,	future	residents,	may	be	exposed	to	COPCs	
volatiles	emanating	from	groundwater	to	indoor	air.	

Under	the	RME	scenario	the	total	estimated	excess	cancer	risk	for	future	residents	who	may	
contact	contaminants	in	surface	soil	is	9×10‐4	(Table	6‐1	and	Table	B‐7.1	in	Appendix	B).	Cancer	
risk	is	due	primarily	to	exposure	to	PAHs	and	Aroclor	1260	in	surface	soil.	Hot	spots	exist	on	the	
FWACC	property	for	these	COPCs.	Hot	spots	exist	for	PAHs	at	SB‐31	located	at	the	southeast	edge	
of	the	FWACC	property	and	for	Aroclor	1260	near	a	sump/drain	in	the	warehouse	in	Lot	33.	
When	hot	spots	for	Aroclor	1260	and	PAHs	are	removed	the	total	estimated	excess	cancer	risk	for	
future	residents	is	2×10‐4	(Table	B‐7.2	in	Appendix	B).		

The	total	HI	under	the	RME	scenario	for	future	residents	exposed	to	COPCs	in	surface	soil	is	55	
(Table	6‐1	and	Table	B‐7.1	in	Appendix	B).	The	majority	of	the	HI	is	due	to	ingestion	of	Aroclor	
1260.	No	RfD	is	currently	available	for	Aroclor	1260;	per	Stan	Barone	of	the	IRIS	program	(email	
on	February	25,	2005)	the	RfD	for	Aroclor	1254	was	used	for	Aroclor	1260.	Toxicity	studies	for	
Aroclor	1254	indicate	that	primary	target	systems	for	Aroclor	1254	include	the	immune	system,	
eye,	and	finger	nails.		

The	total	estimated	excess	cancer	risk	for	future	residents	who	use	groundwater	as	a	drinking	
water	source	is	3	×10‐4	(Table	6‐1	and	Table	B‐7.3	in	Appendix	B).	Cancer	risk	is	due	primarily	
due	to	ingestion	of	hexavalent	chromium	in	groundwater.	Hexavalent	chromium	was	not	
analyzed	for	in	groundwater	but	assumed	to	be	present	in	the	total	chromium	measurement.	
Total	concentrations	in	groundwater	were	used	to	estimate	the	EPC.	Concentrations	of	total	
chromium	in	groundwater	ranged	from	0.0038	J	to	0.14	mg/L	while	concentrations	of	dissolved	
total	chromium	were	0.0017	J	to	0.0035	J	mg/L.	These	data	suggest	that	the	EPC	used	for	
hexavalent	chromium	is	likely	overestimated.	The	maximum	concentration	of	total	chromium	
exceeds	the	current	federal	drinking	water	standard	for	total	chromium	of	0.1	mg/L.		

Total	HI	for	future	residents	who	use	groundwater	as	a	drinking	water	source	is	15	(Table	6‐1	
and	Table	B‐7.3	in	Appendix	B).	The	majority	of	the	HI	is	due	to	ingestion	of	PCE	and	inhalation	of	
PCE	during	groundwater	use.	The	primary	target	organ	associated	with	exposure	to	PCE	is	the	
liver.	The	HI	is	also	above	1	for	COPCs	affecting	the	kidney	(Table	B‐9.1	in	Appendix	B).	COPCs	in	
groundwater	affecting	the	kidney	include	TCE	and	cis‐1,2‐dichloroethene.		

Appendix	D	presents	the	calculations	for	air	concentrations	for	the	showering	and	bathing	
scenario.	

Future On‐Property Residents CTE Scenario 
Under	the	CTE	scenario	the	total	estimated	excess	cancer	risk	for	future	residents	who	may	
contact	COPCs	in	surface	soil	is	3×10‐4	(Table	6‐1	and	Table	C‐7.1	in	Appendix	C).	Cancer	risk	is	
due	primarily	to	incidental	ingestion	of	benzo(a)pyrene	and	Aroclor	1260	in	surface	soil.		

The	total	HI	under	the	CTE	scenario	for	future	residents	exposed	to	COPC	in	surface	soil	is	23	
(Table	6‐1	and	Table	C‐7.1	in	Appendix	C).	The	majority	of	the	HI,	using	the	oral	RfD	for	1254,	is	
due	to	ingestion	of	Aroclor	1260.	HIs	for	target	organs/systems	affected	by	Aroclor	1260	
including	the	immune	system,	eye,	and	finger	nails	are	above	1.		
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Total	estimated	excess	cancer	risk	for	future	residents	who	use	groundwater	as	a	drinking	water	
source	is	9×10‐5	(Table	6‐1	and	Table	C‐7.2	in	Appendix	C).	Cancer	risk	is	due	primarily	due	to	
ingestion	of	hexavalent	chromium	in	groundwater.	Note	again	that	hexavalent	chromium	was	not	
analyzed	for	in	groundwater	samples.	

Total	HI	for	future	residents	who	use	groundwater	as	a	drinking	water	source	is	8	(Table	6‐1	and	
Table	C‐7.2	in	Appendix	C).	The	majority	of	the	HI	is	due	to	ingestion	of	PCE	and	inhalation	of	PCE	
during	groundwater	use.	The	primary	target	organ	associated	with	exposure	to	PCE	is	the	liver.		

Future Industrial Workers RME Scenario 
Future	industrial	workers	may	be	exposed	to	COPCs	in	surface	soil	via	incidental	ingestion,	
dermal	contact,	and	inhalation	of	particulates.		

Total	estimated	excess	cancer	risk	for	future	industrial	workers	who	may	contact	contaminants	in	
surface	soil	is	1×10‐4	(Table	6‐1	and	Table	B‐7.5	in	Appendix	B).	Cancer	risk	is	due	primarily	to	
exposure	to	Aroclor	1260	and	PAHs	in	surface	soil.	As	noted	above,	hot	spots	exist	on	the	FWACC	
property	for	these	COPCs		

Total	HI	for	future	industrial	workers	who	may	contact	contaminants	in	surface	soil	is	6	(Table	6‐
1	and	Table	B‐7.5	in	Appendix	B).	The	majority	of	the	HI	is	due	to	ingestion	of	Aroclor	1260	based	
on	the	oral	RfD	for	Aroclor	1254.	HIs	for	target	organs/systems	affected	by	Aroclor	1260	are	
above	1.		

Future Industrial Workers CTE Scenario 
Total	estimated	excess	cancer	risk	for	future	industrial	workers	who	may	contact	contaminants	in	
surface	soil	is	3×10‐5	(Table	6‐1	and	Table	C‐7.4	in	Appendix	C).	Cancer	risk	is	due	primarily	to	
exposure	to	Aroclor	1260	and	PAHs	in	surface	soil.	

Total	HI	for	future	industrial	workers	who	may	contact	contaminants	in	surface	soil	is	4	(Table	6‐
1	and	Table	C‐7.4	in	Appendix	C).	The	majority	of	the	HI	is	due	to	ingestion	of	Aroclor	1260.		

Future Commercial Indoor Workers 

Under	the	RME	scenario,	the	total	estimated	excess	cancer	risk	for	commercial	indoor	workers	
who	use	groundwater	as	drinking	water	is	1×10‐4	(Table	6‐1	and	Table	B‐7.6	in	Appendix	B).	
Cancer	risk	is	due	primarily	due	to	ingestion	of	arsenic	and	hexavalent	chromium	in	
groundwater.	Hexavalent	chromium	was	not	analyzed	for	in	groundwater	but	assumed	to	be	
present	in	the	total	chromium	measurement.	Total	concentrations	in	groundwater	were	used	to	
estimate	the	EPC.	As	discussed	previously,	data	for	total	and	dissolved	chromium	in	groundwater	
suggest	that	the	EPC	used	for	hexavalent	chromium	is	overestimated.	The	maximum	
concentration	of	total	chromium	exceeds	the	current	federal	drinking	water	standard	for	total	
chromium	of	0.1	mg/L.		

The	total	HI	for	commercial	indoor	workers	exposed	to	COPCs	in	groundwater	is	3	(Table	6‐1	
and	Table	B‐7.6	in	Appendix	B).	The	majority	of	the	HI	is	due	to	ingestion	of	PCE.	The	primary	
target	organ	associated	with	exposure	to	PCE	is	the	liver.		
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Future Construction/Utility Workers 
Future	construction/utility	workers	may	be	exposed	to	COPCs	in	surface	soil	and	subsurface	soil	
via	incidental	ingestion,	dermal	contact	and	inhalation	of	particulates	or	volatiles.	Future	
construction/utility	workers	may	also	be	exposed	to	COPCs	in	sediment	in	sewers	during	repair	
work	or	during	construction	activities.		

The	total	estimated	excess	cancer	risk	for	future	construction/utility	workers	who	may	contact	
contaminants	in	surface	and	subsurface	soil	is	2×10‐6	(Table	6‐1	and	Table	B‐7.7	in	Appendix	B).	
Cancer	risk	is	due	primarily	to	incidental	ingestion	of	Aroclor	1260	and	arsenic	in	
surface/subsurface	soil.	As	noted	above,	a	hot	spot	exists	on	the	FWACC	property	for	Aroclor	
1260	and	cancer	risks	would	be	lower	if	hot	spots	are	removed.		

Total	HI	for	future	construction/utility	workers	who	may	contact	contaminants	in	
surface/subsurface	soil	is	2	(Table	6‐1	and	Table	B‐7.7	in	Appendix	B).	The	majority	of	the	HI	is	
due	to	ingestion	of	Aroclor	1260.	HIs	for	target	organs/systems	affected	by	Aroclor	1260	are	
above	1.	

Only	radionuclide	data	are	available	for	sewer	sediment;	risk	results	are	discussed	in	Section	
6.2.2.3.		

6.1.3.3 Vapor Intrusion Assessment 

Vapor	intrusion	of	VOCs	in	groundwater	to	indoor	air	is	qualitatively	evaluated	by	comparison	of	
maximum	detected	concentrations	of	VOCs	in	groundwater	to	target	groundwater	concentrations	
in	the	EPA	Vapor	Intrusion	Screenings	Level	(VISL)	Calculator	Version	3.5.1.	The	target	
groundwater	concentration	corresponding	to	a	chemical’s	target	indoor	air	concentration	is	
calculated	by	dividing	the	target	indoor	air	concentration	by	an	attenuation	factor	of	0.001	and	
then	converting	the	vapor	concentration	to	an	equivalent	groundwater	concentration	(EPA	
2014b).	VISLs	are	estimated	based	on	a	target	cancer	of	1×10‐6	and	a	target	hazard	quotient	for	
non‐carcinogens	of	1.	The	toxicity	data	used	align	with	the	EPA	May	2016	RSL	table.	

As	seen	in	Table	E‐1	in	Appendix	E,	maximum	concentrations	of	chloroform,	PCE,	and	TCE	are	
above	VISLs.	An	VISL	is	not	available	for	cis‐1,2‐dichlorethene.	Cancer	risks	and	non‐cancer	
hazards	were	also	estimated	using	the	calculator.	Cancer	risk	for	both	the	residential	and	
commercial	scenarios	are	within	or	below	the	1×10‐6	to	1×10‐4	cancer	target	risk	range.	The	HI	
for	PCE	is	above	1	for	both	exposure	scenarios	and	at	1	for	TCE	under	the	residential	scenario.	
This	evaluation	should	be	considered	screening	level	and	may	overestimate	exposure	via	vapor	
intrusion	because	it	does	not	use	site‐specific	hydrogeologic	parameters.	

6.2 Radionuclide Risk Results 
Risks	for	all	receptors	are	estimated	using	RME	assumptions	consistent	with	assumptions	used	in	
the	evaluation	of	non‐radioactive	COPCs.	Radiological	risk	to	receptors	was	initially	assessed	
using	RESRAD	onsite,	a	model	developed	and	maintained	by	Argonne	National	Laboratory	(ANL	
[ANL	2016]).	Typically,	output	from	RESRAD	is	reported	in	terms	of	dose	(millirem	per	year	
[mrem/yr]).	However,	a	model	option	allows	these	dose	estimates	to	be	translated	into	lifetime	
cancer	risks.	Both	results	are	reported	in	this	risk	assessment	to	allow	results	to	be	compared	
with	the	EPA	risk	range	as	well	as	thresholds	for	acceptable	dose.	For	Comprehensive	
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Environmental	Response,	Compensation,	and	Liability	Act	(CERCLA)	sites,	the	most	recent	
recommendation	for	the	threshold	dose	is	12	mrem/yr	(EPA	2014e)	and	can	be	used	to	
determine	if	cleanup	goals	meet	ARARs.	This	dose	is	based	on	achieving	a	cancer	risk	of	3×10‐4,	at	
the	high	end	of	the	acceptable	risk	range.		

Using	RESRAD	output,	radiological	risk	to	receptors	with	the	highest	exposures	were	assessed	in	
EPAs	PRG	calculator.	EPA	policy	dictates	that	these	calculations	should	form	the	basis	for	risk	
management.	Input	parameters	used	in	RESRAD	and	the	PRG	Calculator	were	adjusted	to	be	
consistent	with	non‐site‐specific	input	parameters	used	in	the	calculator	taking	precedence	
wherever	possible.		

Cancer	risk	estimates	for	each	exposure	scenario	are	summarized	in	Table	6‐2	with	additional	
detail	by	exposure	pathway	in	Table	6‐3.	

6.2.1 Current Receptors 
Since	no	people	currently	live	on	the	FWACC	property,	workers	are	the	subpopulation	likely	to	
experience	the	highest	exposures	and	cancer	risks.	Both	indoor	and	industrial	workers	are	
evaluated	quantitatively.	Trespassers	are	evaluated	qualitatively	based	on	results	of	the	
quantitative	analyses.	

The	results	presented	below	are	theoretical	estimates	of	exposure	and	risk	for	generic	receptor	
types	estimated	using	site	specific	soil	and	groundwater	analytical	results	in	the	RESRAD	model	
and	the	PRG	calculator.	Exposure	assumptions	for	current	receptors	are	based	on	behavior	
patterns	of	current	workers	at	different	businesses	on	the	property.		

EPA	has	conducted	radiation	assessment	and	mitigation	operations	at	the	Site.	Remedial	actions	
involved	the	installation	of	concrete,	steel,	and	lead	shielding	to	limit	exposure	rates	in	work	and	
public	areas	(e.g.,	sidewalk).	Exposure	rate	surveys	in	combination	with	occupancy	studies	
provide	site‐specific	dose	estimates	for	current	workers	at	businesses	on	the	property	under	pre‐
shield	and	post‐shield	conditions	(Weston	Solutions	2014).	Survey	data	were	not	used	in	
quantitative	risk	estimates	presented	below	due	to	difficulties	in	their	interpretation.	
Uncertainties	associated	with	results	of	gamma	surveys	are	discussed	in	the	uncertainties	
(Section	6.4.4.2.)	

6.2.1.1 Commercial Indoor Workers 

RESRAD	was	run	twice	for	current	indoor	workers	using	pathways	and	exposure	parameters	
discussed	in	Section	3.	In	the	first	run,	relevant	exposure	pathways	except	for	exposure	to	radon	
(external,	inhalation,	soil	ingestion,	drinking	water)	were	assessed.	Radon	and	thoron	exposure	
was	assessed	separately.	RESRAD	output	is	provided	in	Appendix	F.	Exposure	estimates	for	
thoron	are	listed	under	the	radon	column	for	Th‐232.	Cancer	risks	for	current	indoor	workers	at	
year	1	were	estimated	to	be	1×10‐4	(Table	6‐3),	equivalent	to	an	annual	dose	rate	of	4	mrem.	The	
risk	estimate	exceeds	EPA’s	risk	range	of	10‐6	to	10‐4	but	falls	below	a	residential	threshold	of	12	
mrem/yr	(EPA	2014e).	The	discrepancy	is	due	to	three	factors:	(1)	background	radiation	
exposure	is	high,	(2)	cancer	risk	per	unit	exposure	to	radionuclides	often	produces	risk	estimates	
within	or	above	the	risk	range,	and	(3)	protection	for	people	exposed	to	radiation	is	based	on	the	
concept	of	ALARA	(as	low	as	reasonably	achievable).		
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Background	in	the	NYC	area,	excluding	exposure	to	radon,	may	be	in	the	range	of	80	mrem	
(http://digistar.com/boston/),	a	value	10	times	higher	than	the	dose	estimate	from	RESRAD.	
Background	radon	exposure	would	add	substantially	to	this	estimate.	EPA	uses	a	threshold	of	4	
pCi/L	of	radon	in	indoor	air	to	determine	if	mitigation	measures	are	indicated	in	residential	
structures.	Cancer	risk	for	lifetime	exposure	to	radon	at	4	pCi/L	is	estimated	to	be	about	7×10‐3.	
Reducing	radon	to	levels	substantially	below	this	level	is	difficult	
(https://www.epa.gov/radon/health‐risk‐radon).	The	ALARA	concept	recognizes	the	nature	of	
background	radiation	as	well	as	health	issues	associated	with	radiation	exposure	to	keep	
exposure	low.	

Risk	due	to	external	exposure	is	due	almost	exclusively	to	Th‐232	(over	90	percent),	with	the	
remaining	fraction	associated	with	Ra‐226	and	potassium‐40	(K‐40).	Inhalation	and	soil	ingestion	
pathways	make	negligible	contribution	to	risk.	Risks	due	to	external	gamma	radiation	increase	to	
a	peak	in	about	70	years	into	the	1,000‐year	evaluation	time	frame	and	remain	relatively	constant	
thereafter	until	about	year	600.	The	increase	in	risk	correlates	with	the	Th‐232	decay	chain	
approaching	equilibrium.		

After	about	600	years,	risks	due	to	exposure	to	K‐40	in	drinking	water	increase	rapidly	because	of	
transport	of	K‐40	through	the	vadose	zone	and	into	groundwater	beneath	the	Site.	Exposure	
could	occur	if	people	use	shallow	groundwater	for	drinking.	Cancer	risks	for	ingestion	of	
groundwater	at	year	1,000	are	about	1×10‐4	and	represent	about	8	percent	of	the	total	risk	when	
exposure	to	radon	is	not	included.	K‐40	at	the	site	is	likely	naturally	occurring	and	is	unlikely	to	
have	been	enhanced	by	site	operations.	External	exposure	to	Th‐232	contributes	about	90	
percent	to	total	risk	when	exposure	to	radon	is	excluded.	

Radon 
Cancer	risk	due	to	exposure	to	radon	was	estimated	to	be	significantly	higher	than	exposure	to	
external	gamma	radiation.	Exposure	to	Radon‐222	(Rn‐222)	and	its	daughters	suggested	an	
annual	dose	of	over	80	mrem,	corresponding	to	a	cancer	risk	of	2×10‐3	(Table	6‐2).	This	risk	is	
initially	due	almost	entirely	to	radon	emanation	from	Ra‐226	in	soil.	At	about	70	years,	the	
contribution	by	Ra‐226	starts	to	decrease,	and	the	contribution	of	thorium‐230	(Th‐230)	begins	
to	increase.	This	observation	is	due	to	the	gradual	establishment	of	equilibrium	between	these	
two	radionuclides	(Th‐230	decays	to	Ra‐226	and	has	a	much	longer	half‐life	–	over	75,000	versus	
1,640	years).	At	time	zero,	Ra‐226	activity	is	greater	than	the	activity	of	Th‐230.	To	reach	
equilibrium,	Ra‐226	will	decay	more	quickly	than	it	is	formed	from	Th‐230.	When	equilibrium	is	
reached,	activity	of	Ra‐226	and	subsequent	emanation	of	Rn‐222	will	be	determined	by	Th‐230	
decay.	Equilibrium	would	not	be	established	before	the	end	of	the	1,000‐year	modeling	time	
frame.		

Although	Th‐232	is	the	dominant	nuclide	in	soil,	Rn‐220	(thoron)	contributes	little	to	overall	
exposure	and	risk.	The	half‐life	of	thoron	is	less	than	one	minute	and	it	decays	too	rapidly	for	
significant	exposure	to	occur.	

Lot‐by‐lot analysis 
Risks	for	indoor	workers	are	characterized	in	RESRAD	using	an	input	for	shielding	commensurate	
with	a	heavy	6‐inch	concrete	slab.	As	discussed	in	Section	3,	an	early	action	to	reduce	external	
exposure	through	placement	of	concrete	and	concrete+lead	shielding	was	completed	in	2013.	
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Subsequently,	measurements	of	gamma	flux	were	made	above	the	newly	installed	shielding.	
Shielding	reduced	possible	gamma	exposure	by	at	least	66	percent	in	all	areas	surveyed	
regardless	of	the	type	and	thickness	of	shielding	used	(Table	6‐4).	These	measurements	suggest	
that	corrections	for	differences	in	shielding	among	lots	are	not	necessary	for	characterizing	risks.	

Spatial	variation	in	soil	activities	across	the	FWACC	property	were	used	to	prorate	risk	and	dose	
estimates	on	a	lot‐by‐lot	basis.	Calculations	used	only	results	from	external	exposure	to	gamma	
radiation	and	compared	maximum	lot‐by‐lot	activity	to	site‐wide	EPC.	Maxima	were	used	because	
of	the	paucity	of	data	(0	to	3	data	points)	for	each	lot.	

Since	essentially	all	risk	for	external	and	radon	exposure	is	associated	with	Th‐232	and	Ra‐226,	
respectively,	risks	were	prorated	on	the	basis	of	EPC	for	only	these	two	nuclides.	Calculations	
divided	risk	by	EPC	to	provide	an	estimate	of	risk	per	pCi/g,	then	multiplied	by	the	maximum	
concentration	on	a	lot‐by‐lot	basis	to	estimate	cancer	risk	(Table	6‐5).	

Resulting	cancer	risk	estimates	varied	from	4×10‐5	for	external	exposure	in	Lot	46	to	1×10‐2	for	
exposure	to	radon	emanating	from	Ra‐226	in	Lot	33.		

6.2.1.2 Industrial Workers 

Differences	in	activity	patterns	result	in	somewhat	different	exposure	parameters,	primarily	the	
assumption	that	industrial	workers	will	visit	the	back	lot	area	behind	site	buildings	(Section	4).	
These	workers	will	be	exposed	to	nuclides	in	soil	via	incidental	ingestion	and	inhalation	of	dust.	
Analysis	was	performed	in	a	manner	identical	to	the	analysis	of	current	indoor	workers	discussed	
above.		

Cancer	risks	for	current	industrial	workers	at	year	1	were	estimated	to	be	about	2×10‐4,	
equivalent	to	an	annual	dose	of	8	mrem.	The	risk	estimate	exceeds	EPA’s	risk	range	of	10‐6	to	10‐4	
but	falls	just	below	a	residential	threshold	of	12	mrem	currently	used	by	EPA	(EPA	2014e).	As	
mentioned	above,	the	discrepancy	is	due	to	three	factors:	(1)	background	radiation	exposure	is	
high,	(2)	cancer	risk	per	unit	exposure	to	radionuclides	often	produces	risk	estimates	within	or	
above	the	risk	range,	and	(3)	protection	for	people	exposed	to	radiation	is	based	on	the	concept	
of	ALARA.	Maximum	cancer	risk	occurs	at	year	300	and	was	estimated	to	be	about	3×10‐3,	
equivalent	to	an	annual	dose	of	140	mrem.	The	risk	estimate	exceeds	EPA’s	risk	range	of	10‐6	to	
10‐4	and	the	residential	threshold	of	12	mrem.	

External	exposure	and	soil	ingestion	account	for	essentially	all	risk,	and	nearly	90	percent	of	this	
risk	is	associated	with	Th‐232.	Exposure	to	contaminants	in	outdoor	soils	accounts	for	the	
difference	between	indoor	and	industrial	workers.	

Lot‐by‐lot analysis 
Risks	for	industrial	workers	are	characterized	in	RESRAD	using	an	input	for	shielding	
commensurate	with	a	6‐inch	concrete	slab.	As	discussed	in	Section	3,	an	early	action	to	reduce	
external	exposure	through	placement	of	concrete	and	concrete+lead	shielding	was	completed	in	
2004.	Subsequently,	measurements	of	gamma	flux	were	made	above	the	newly	installed	
shielding.	Shielding	reduced	possible	gamma	exposure	by	at	least	66	percent	in	all	areas	surveyed	
regardless	of	the	type	and	thickness	of	shielding	used	(Table	6‐4).	These	measurements	suggest	
that	corrections	for	differences	in	shielding	among	lots	are	not	necessary	for	characterizing	risks.		
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Spatial	variation	in	soil	activities	across	the	FWACC	property	were	used	to	prorate	risk	and	dose	
estimates	on	a	lot‐by‐lot	basis.	Calculations	used	only	results	from	external	exposure	to	gamma	
radiation	and	compared	maximum	lot‐by‐lot	activity	to	site‐wide	EPC.	Risks	varied	from	8×10‐5	to	
3×10‐2	across	lots	(Table	6‐5).	

Radon 
Cancer	risk	associated	with	exposure	to	radon	indoors	is	about	2×10‐3,	corresponding	to	an	
annual	dose	of	about	40	mrem.	This	risk,	when	expanded	to	a	lot‐by‐lot	basis,	puts	site‐related	
risk	for	industrial	workers	into	the	range	of	3×10‐4	and	2×10‐2,	depending	on	lot.	

6.2.1.3 Trespasser 

Risks	were	not	quantified	for	people	that	might	trespass	on	the	Site.	Exposure	for	such	receptors	
would	be	less	than	exposures	for	current	industrial	workers	that	spend	time	outside	as	part	of	
their	jobs	over	an	exposure	duration	of	25	years.	A	ceiling	for	trespassers	on	site	likely	would	be	a	
fraction	of	the	risk	associated	with	Lot	31	for	exposure	to	Th‐232.	Thus,	trespasser	risks	would	
probably	not	exceed	5×10‐4,	based	on	the	assumption	that	a	trespasser	might	spend	a	quarter	of	
the	time	onsite	that	an	industrial	worker	is	assumed	to	spend.	Protection	of	industrial	workers	
also	would	be	protective	for	trespassers.	

6.2.1.4 General Public 

High	risk	estimates	(above	1×10‐4)	for	current	workers	suggest	some	potential	for	the	general	
public	to	experience	exposure	above	regulatory	thresholds.	The	general	public	would	encompass	
people	visiting	sidewalks	along	streets	at	and	near	the	site	where	radionuclides	have	been	
transported	and	people	frequenting	businesses	at	and	near	the	Site.	People	living	in	the	vicinity	
could	frequent	the	Site	reasonably	often	–	for	example,	purchasing	lunch	at	the	onsite	deli	1	to	5	
days	a	week	during	the	work	week.	Thus,	a	subset	of	the	public	could	have	exposures	that	are	an	
important	fraction	of	exposures	associated	with	workers.	At	the	upper	end	of	risks	associated	
with	the	Site,	risks	for	the	public	could	be	above	the	EPA	risk	range	even	if	exposure	was	one	
hundredth	of	the	exposure	experienced	by	workers.	

Possible	exposure	for	the	general	public	is	mitigated	by	the	installation	of	steel	and	lead	shielding	
in	some	sidewalk	areas	where	soil	contamination	is	greatest.	Shielding	was	shown	to	be	effective	
in	reducing	exposure	when	only	concrete	was	used.	The	denser	steel	and	lead	shielding	would	
provide	even	greater	protection.	

6.2.1.5 Off‐Property Receptors 

People	living	and	working	in	the	neighborhood,	particularly	those	receptors	that	spend	
significant	time	along	streets	where	radionuclides	were	transported	in	and	perhaps,	around	
sewer	lines	may	be	exposed	to	contamination	present	in	the	area.	Exposures	are	likely	to	be	less	
than	exposures	for	indoor	workers	at	the	Site	for	three	reasons.	First,	little	near	surface	
contamination	is	present,	and	the	vadose	zone	and	sidewalks	and	other	hardscape	will	provide	
shielding.	Second,	activities	in	sewer	and	surrounding	sediments	are	generally	less	than	the	
higher	activities	found	at	the	FWACC	property.	Third,	people	will	spend	less	time	than	indoor	or	
industrial	workers	on	the	streets	above	site‐related	contamination.		
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6.2.2 Future Receptors 
In	theory,	the	site	could	be	developed	for	residential	use	in	the	future.	Risks	due	to	exposure	to	
radiation	for	such	residents	under	current	site	conditions	are	described	below.	Risks	for	future	
commercial	indoor	workers	and	industrial	workers	are	also	described	below.	Additionally,	
construction	or	utility	work	may	be	performed	onsite	in	the	future;	therefore,	risks	to	radiation	
for	construction/utility	workers	are	described	below.		

6.2.2.1 On‐Property Resident 

Modeling	of	cancer	risk	followed	the	same	approach	as	was	used	for	current	workers	at	the	Site.	
Residents	are	expected	to	occupy	the	Site	for	greater	periods	of	time	each	day	and	for	a	longer	
exposure	duration	(30	years).	Other	input	parameters	are	described	in	Section	3.	

Total	cancer	risk	for	future	on‐property	residents,	excluding	radon	and	consumption	of	
homegrown	produce,	hover	around	5	×10‐3	throughout	the	1,000‐year	time	period	evaluated.	
Cancer	risk	was	dominated	by	external	exposure,	which	accounts	for	80	to	90	percent	of	
estimated	risk.	Th‐232	was	responsible	for	most	(>90	percent)	of	risk	due	to	external	exposure.	
Cancer	risk	for	exposure	to	radon	was	7×10‐3	and	8×10‐5	for	thoron.	Cancer	risk	for	consumption	
of	homegrown	produce	is	1×10‐2.	Total	cancer	risk	for	all	exposure	pathways	is	2×10‐2	(280	
mrem).	Cancer	risks	are	highest	at	year	10	where	consumption	of	homegrown	produce	accounts	
for	about	45	percent	of	the	total	risk,	exposure	to	radon	accounts	for	about	32	percent	of	the	risk,	
and	external	exposure	accounts	for	about	22	percent	of	the	total	risk.	All	estimates,	risks,	and	
dose	rates,	are	well	above	regulatory	thresholds.		

After	about	600	years,	risks	due	to	exposure	to	K‐40	in	drinking	water	increase	rapidly	because	of	
transport	of	K‐40	through	the	vadose	zone	and	into	groundwater	beneath	the	Site.	Exposure	
could	occur	because	of	people	using	shallow	groundwater	for	drinking.	Cancer	risks	for	ingestion	
of	groundwater	at	year	1,000	are	about	2×10‐4	and	represents	about	3	percent	of	the	total	risk	
when	exposure	to	radon	is	not	included.	K‐40	at	the	site	is	likely	naturally	occurring	and	was	
unlikely	to	be	enhanced	by	site	operations.	External	exposure	to	Th‐232	contributes	about	94	
percent	of	the	total	risk	estimate	when	exposure	to	radon	is	excluded.	

6.2.2.2 Commercial Indoor and Industrial Workers 

After	site	redevelopment,	risks	for	both	commercial	indoor	and	industrial	workers	are	
anticipated	to	be	much	the	same	as	risks	for	current	workers.	Any	commercial	or	industrial	
construction	is	likely	to	have	a	substantial	on‐slab	foundation,	which	should	provide	much	the	
same	shielding	as	the	shielding	previously	put	in	place.	However,	as	a	conservative	measure	both	
scenarios	were	evaluated	assuming	no	shielding.	Risks	until	about	year	300	are	about	an	order	of	
magnitude	higher	without	shielding	in	place	(Table	6‐3);	after	about	year	300	risks	are	similar.	
Risks	would	vary	as	suggested	by	the	lot‐by‐lot	calculations	and	on	size	and	placement	of	any	
new	structures.	

Commercial	indoor	workers	could	be	exposed	to	ROPCs	via	ingestion	of	contaminated	
groundwater.	As	discussed	above,	ROPC‐related	risks	do	not	become	notable	until	several	
centuries	into	the	RESRAD	analyses.	This	late	appearance	of	ROPC‐related	risk	is	so	far	removed	
from	current	COPC	contamination	in	groundwater	that	it	is	reasonable	to	assume	that	ROPC	will	
not	affect	any	remedy	put	in	place	to	reduce	groundwater‐associated	risks.	A	separate	
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quantitative	analysis	of	workers	that	includes	ingestion	of	groundwater	as	a	pathway	would	not	
provide	useful	information	to	address	the	more	immediate	issues.	

6.2.2.3 Construction/Utility Workers 

Future	development	of	the	Site	assumes	workers	would	be	on	site	without	benefit	of	shielding	for	
up	100	work	days.	Although	this	exposure	is	short	term,	taking	place	within	a	single	calendar	
year,	ground	shine	and	contact	with	contaminated	soils	would	be	intimate.	As	a	result,	estimates	
of	exposure,	based	on	dose	rate	are	high	–	55	to	62	mrem	for	the	single	year	of	construction.	This	
dose	rate	would	translate	into	a	cancer	risk	of	about	5×10‐5.	This	lower	risk	estimate	is	a	
consequence	of	the	short	exposure	duration	(1	year)	assumed	for	this	exposure	scenario.	Cancer	
risk	for	construction/utility	workers	exposed	to	sediment	in	sewers	is	about	2×10‐4.	

Dose	rates	for	construction	workers	exceed,	depending	on	modeling	year,	the	CERCLA	threshold	
of	12	for	residential	land	use	or	the	typical	threshold	of	25	mrem	for	adults	in	a	work	situation	
where	exposure	to	radiation	is	not	anticipated	to	be	encountered	in	day‐to‐day	work.	The	cancer	
risk	estimate	falls	within	the	EPA	risk	range.	

Lot‐by‐lot	risk	estimates	were	not	generated	in	this	report.	Site	redevelopment	is	likely	to	involve	
several	or	all	the	lots	at	the	FWACC	property,	and	workers	involved	in	construction	likely	would	
frequent	most	or	all	of	the	Site	during	the	construction	period.		

6.2.2.4 General Public/Off‐Property Receptors 

Future	risks	for	the	general	public	and	for	offsite	receptors	are	assumed	to	be	similar	to	current	
risks	for	these	receptors.	No	changes	to	the	surrounding	neighborhood	were	contemplated	in	the	
CSM	for	the	Site,	and	without	remediation,	half‐lives	of	radionuclides	are	high	enough	to	maintain	
existing	exposure	levels	for	an	extended	period.		

6.3 EPA PRG Calculator Results  
Cancer	risks	for	current	and	future	commercial	indoor	workers,	industrial	workers,	and	residents	
were	estimated	using	the	EPA	PRG	Calculator	for	radionuclides.	These	receptors	may	encounter	
the	highest	exposures	and	risk,	and	are	likely	to	be	most	important	for	risk	management.	
Exposure	assumptions	used	in	RESRAD	and	the	PRG	calculator	were	adjusted	to	be	as	consistent	
as	possible	(Table	B‐4.6,	Appendix	B).	Still,	significant	differences	exist	in	the	way	the	two	models	
estimate	exposure	and	risk.	In	particular,	the	EPA	calculator	does	not	incorporate	either	decay	of	
radionuclides	or	transport	among	media.	Thus,	cancer	risks	for	these	receptors	at	year	1	were	
estimated	in	RESRAD	for	comparison	purposes.	Because	the	PRG	calculator	does	not	estimate	
radon	exposure	from	precursors	in	soil	cancer	risk	estimates	for	exposure	to	radon	cannot	be	
compared.		

For	current	workers,	the	contaminated	zone	in	RESRAD	was	assumed	to	be	covered	by	a	6‐inch	
concrete	slab.	Cover	depths	in	the	PRG	Calculator	start	at	0	an	increase	in	10	cm	increments.	
Cover	depths	of	10	cm	and	20	cm	were	used	in	the	PRG	Calculator	to	bracket	the	value	used	in	
RESRAD.	As	seen	in	Table	6‐3	when	a	cover	depth	of	20	cm	is	used	in	the	PRG	Calculator	cancer	
risk	for	current	workers	due	to	external	exposure	is	about	2	times	higher	than	the	risk	estimate	
from	RESRAD.	When	no	cover	is	assumed,	RESRAD	cancer	risk	for	commercial	indoor	workers	is	
about	5	times	higher	than	PRG	Calculator	estimates.	Cancer	risk	comparisons	for	industrial	
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workers	are	similar.	Cancer	risks	due	to	ingestion	of	groundwater	are	not	estimated	in	the	PRG	
Calculator	for	commercial	indoor	workers	

Cancer	risks	for	future	residents	for	external,	ingestion,	inhalation,	and	ingestion	of	homegrown	
produce	exposure	pathways	are	very	close	between	the	two	models	(Table	6‐3).	Cancer	risks	for	
ingestion	of	groundwater	as	drinking	water	are	higher	using	the	PRG	Calculator	because	the	one	
detection	of	Th‐232	in	groundwater	was	used	to	estimate	risk	and	soil	concentrations	were	used	
in	RESRAD	to	predict	migration	of	contaminants	from	soil	to	groundwater.	At	the	time	of	the	
maximum	cancer	risk	predicted	in	RESRAD,	radionuclides	had	not	reached	groundwater.	Another	
round	of	groundwater	sampling	was	to	be	conducted	to	confirm	that	Th‐232	is	present	in	
groundwater.		

Construction	worker	soil	exposure	scenarios	in	the	EPA	PRG	Calculator	are	site	specific	and	
include	estimates	of	exposure	related	to	construction	activities	from	heavy	construction	
equipment	and	exposure	to	dust	created	by	cars	and	trucks	on	unpaved	roadways.	These	types	of	
exposure	cannot	be	directly	estimated	in	the	RESRAD	model.	Exposure	assumptions	such	as	dust	
loading	factors	can	be	adjusted	to	reflect	a	dustier	environment	but	site	specific	estimates	for	
types	of	equipment	and	the	duration	equipment	operates	onsite	are	difficult	to	estimate.	
Therefore,	only	2‐D	direct	external	exposure	was	estimated	in	the	EPA	PRG	Calculator	for	
comparison	purposes.	As	seen	in	Table	6‐3	cancer	risk	estimates	for	external	exposure	to	
radionuclides	in	soil	are	similar	between	the	two	models.	

Many	factors	influence	the	difference	in	cancer	risk	estimates	including	differences	in	model	
methodologies,	RESRAD	fate	and	transport	assumptions,	and	how	radiological	decay	and	
ingrowth	are	assessed.	Cancer	slope	factors	used	in	RESRAD	and	the	PRG	Calculator	for	ROPCs	for	
the	site	do	not	vary	significantly.	Both	models	identify	external	exposure	as	the	critical	exposure	
pathway	if	radon	and	ingestion	of	homegrown	produce	are	excluded.	Cancer	risks	exceed	1×10‐4	

for	commercial	indoor	worker,	industrial	workers,	and	residents	in	both	models	for	these	
exposure	pathways.	Both	model	predict	cancer	risks	above	1×10‐2	for	ingestion	of	homegrown	
produce.	Although	there	are	differences	in	cancer	risk	estimates	both	models	indicate	that	cancer	
risk	for	receptors	are	significantly	higher	than	1×10‐4.	In	this	sense,	both	models	support	similar	
conclusions	concerning	radiological	risk.	

6.4 Background Concentrations 
Many	chemicals,	such	as	metals	and	PAHs,	and	radionuclides	occur	naturally	in	the	environment	
and	are	commonly	present	in	all	environmental	samples.	The	CERCLA	program	includes	
provisions	for	evaluating	chemical	concentrations	in	background	areas.	The	program	
distinguishes	between	natural	background	and	anthropogenic	background.	Natural	background	
is	defined	as	“substances	present	in	the	environment	in	the	forms	that	have	not	been	influenced	
by	human	activities.”	Anthropogenic	background	is	defined	as	the	combination	of	both	natural	
and	anthropogenic	substances	present	in	the	environment	as	a	result	of	human	activities	not	
specifically	related	to	the	CERCLA	release	in	question	(EPA	2002b).	

An	evaluation	of	soil	background	concentrations	was	conducted	as	part	of	the	RI.	Results	of	this	
HHRA	indicate	that	risk	drivers	that	may	occur	naturally	or	are	common	in	urban	environments	
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are	above	levels	observed	in	background	samples	collected	to	evaluate	contamination	at	the	
FWACC.		

6.5 Uncertainty in Risk Assessment 
As	in	any	risk	assessment,	the	estimates	of	health	threats	(cancer	risks	and	noncancer	health	
hazards)	have	numerous	associated	uncertainties.	To	compensate	for	uncertainty	surrounding	
input	variables,	assumptions	are	made	that	tend	to	result	in	protective	estimates	of	risk	rather	
than	underestimated	risk.	In	cases	where	data	are	limited,	assumptions	may	be	based	on	
professional	judgment	or	subjective	estimates	that	may	under	or	overestimate	risks.		

The	primary	areas	of	uncertainty	and	limitations	are	qualitatively	discussed	here.	The	main	areas	
of	uncertainty	in	this	HHRA	include	environmental	data,	exposure	parameter	assumptions,	
toxicological	data,	and	risk	characterization.	

6.5.1 Environmental Data 
Uncertainty	is	always	involved	in	the	estimation	of	chemical	concentrations.	Errors	in	the	
analytical	data	may	stem	from	errors	inherent	in	sampling	and/or	laboratory	procedures.	One	of	
the	most	effective	methods	to	minimize	procedural	or	systematic	error	is	to	subject	the	data	to	a	
strict	quality	control	(QC)	review.	The	QC	review	procedure	helps	to	eliminate	many	laboratory	
errors.	However,	even	with	all	data	rigorously	validated,	it	must	be	realized	that	error	is	inherent	
in	all	laboratory	procedures.		

The	data	validation	resulted	in	the	qualification	of	some	analytical	results	as	estimated	and	usable	
and	a	very	few	analytical	results	as	rejected	(see	Section	3.2).	Therefore,	the	uncertainty	
associated	with	data	quality	is	not	considered	significant.		

6.5.1.1 Uncertainties Associated with Identification of COPC and ROPC 

Samples	were	collected	from	known	and	suspected	areas	of	contamination	(biased	sampling)	and	
areas	representative	of	background	to	delineate	the	nature	and	extent	of	contamination.	This	
sampling	methodology	provides	data	that	are	considered	to	accurately	represent	the	current	
level	of	overall	contamination	at	the	FWACC.	For	areas	that	are	anticipated	to	have	a	greater	
probability	of	having	been	impacted	by	historical	operations,	larger	data	sets	exist.	For	a	few	
exposure	areas,	data	are	limited,	which	increases	the	uncertainty	of	the	adequacy	of	data	
representativeness.	For	example,	for	Lot	48,	the	K&M	auto	repair	shop	and	office	space	at	1514	
Cooper	Avenue,	no	radionuclide	analytical	laboratory	results	are	available.		

The	COPC	screening	process	was	conducted	to	limit	the	number	of	contaminants	included	in	
quantitative	risk	assessment	while	also	assuring	that	all	significant	contaminants	are	addressed.	
COPCs	were	selected	based	on	toxicity,	nutritional	essentiality,	and	frequency	of	detection.	The	
selection	of	COPCs	was	conducted	by	comparing	maximum	detected	chemical	concentrations	to	
EPA	RSLs.	Use	of	maximum	concentrations	is	likely	to	result	in	the	selection	of	chemicals	with	an	
overall	low	likelihood	of	posing	unacceptable	risk	rather	than	elimination	of	chemicals	that	could	
pose	significant	risk.	The	rationale	for	selection	or	elimination	of	COPCs	is	provided	in	Table	B‐2	
series	in	Appendix	B.		
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Essential	nutrients	(i.e.,	calcium,	magnesium,	potassium,	and	sodium)	were	eliminated	as	COPCs.	
Essential	nutrients	may	be	associated	with	adverse	health	effects	if	they	are	present	at	high	
concentrations.	There	are	no	criteria	that	could	be	used	to	evaluate	inorganic	chemicals	
recognized	as	essential	nutrients;	quantitative	risk	assessment	is	therefore	not	possible	for	these	
chemicals.	However,	for	this	Site,	where	comparatively	high	concentrations	of	relatively	toxic	
chemicals	are	present	(e.g.,	PCBs,	and	PAHs),	it	is	considered	unlikely	the	essential	nutrients	
would	contribute	significantly	to	overall	risk.		

Chemicals	were	eliminated	based	on	frequency	of	detection	only	if	there	were	at	least	20	total	
samples,	and	very	few	chemicals	were	eliminated	based	on	this	criterion.	Chemicals	eliminated	
because	they	were	infrequently	detected	in	the	surface/subsurface	soil	dataset	include	several	
VOCs	that	were	detected	in	only	1	sample	out	of	30,	4	SVOCs,	and	3	pesticides	(Table	B‐2.1c	in	
Appendix	B).	Elimination	of	these	chemicals	is	unlikely	to	have	a	significant	impact	on	the	risk	
characterization.	No	chemicals	were	eliminated	as	COPC	in	the	groundwater	dataset	based	on	
frequency	of	detection.	

COPC	were	not	selected	based	on	comparison	to	background.	Since	COPC	include	inorganic	
chemicals	that	occur	naturally	in	the	environment,	it	is	likely	that	some	of	the	COPC	selected	for	
evaluation	are	not	elevated	above	natural	background.	This	results	in	an	overestimation	of	site	
risks	as	discussed	in	Section	6.3.		

Chromium	VI	was	selected	as	a	COPC	based	on	the	assumption	that	it	contributes	a	fraction	of	the	
total	chromium	results.	This	assumption	may	overestimate	risks	associated	with	chromium.	

6.5.1.2 Nondetected Chemicals 

Uncertainty	is	associated	with	nondetected	chemicals.	As	shown	in	Table	I‐1	to	Table	I‐3	in	
Appendix	I,	a	few	chemicals	were	not	detected	in	any	samples,	but	reporting	limits	exceeded	
screening	levels	in	many	sample	results.	When	a	chemical	is	not	detected	and	the	reporting	limit	
exceeds	the	screening	levels,	some	degree	of	uncertainty	exists	regarding	the	presence	or	absence	
of	the	chemical.	The	uncertainty	associated	with	nondetected	chemicals	for	which	the	reporting	
limit	is	above	the	screening	level	in	some	samples	is	not	expected	to	significantly	affect	results	of	
the	HHRA.	The	rationale	for	this	conclusion	is	that	these	chemicals	are	not	expected	to	be	site‐
related	based	on	historical	site	operations.	

6.5.1.3 Screening Levels 

The	screening	levels	used	in	the	risk	assessment	are	based	on	the	May	2016	RSLs	developed	by	
EPA.	Risk‐based	RSLs	are	not	available	for	many	chemicals.	Based	on	similarities	in	chemical	
structure	and	physiological	activities,	surrogate	screening	levels	are	used	for	several	pesticides	
and	PAHs.	These	surrogate	values	may	result	in	over‐	or	underestimating	risks.	

6.5.2 Uncertainties Associated with Exposure Assessment 
Exposure	pathways	were	identified	based	on	current	and	anticipated	future	land	use.	If	site	
conditions	change	significantly	in	the	future,	exposure	pathways	and	assumptions	may	require	
further	evaluation.		
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There	are	two	major	areas	of	uncertainty	associated	with	exposure	parameter	estimation.	The	
first	relates	to	the	estimation	of	EPCs.	The	second	relates	to	parameter	values	used	to	estimate	
chemical	intake	(e.g.,	ingestion	rate,	exposure	frequency).	

6.5.2.1 Exposure Point Concentrations 

A	baseline	risk	assessment	evaluates	mean	concentrations	over	an	exposure	unit,	considering	all	
exposures	within	that	area	as	equally	possible.	Risks	associated	with	exposures	are	then	assessed	
by	evaluating	those	average	or	mean	concentrations	with	exposure	factors	and	appropriate	
exposure/toxicity	assumptions.	In	all	exposure	calculations,	the	desired	input	parameter	is	the	
true	mean	concentration	of	a	contaminant	within	a	medium,	averaged	over	the	area	where	
random	exposure	occurs.	However,	because	the	true	mean	cannot	be	calculated	based	on	a	
limited	set	of	measurements,	EPA	(1989,	1992b)	recommends	the	exposure	estimate	be	based	on	
the	95th	UCL	of	the	mean.	When	data	are	plentiful	and	inter‐sample	variability	is	not	large,	the	
EPC	may	be	only	slightly	higher	than	the	mean	of	the	data.	However,	when	data	are	sparse	or	are	
highly	variable,	the	EPC	may	be	far	greater	than	the	mean	of	the	available	data,	resulting	in	
substantial	uncertainty	and	a	likely	overestimation	of	risk.	At	this	site,	the	EPC	was	the	95th	UCL	
or	the	maximum	concentration.	The	95th	UCL	was	calculated	for	a	COPC	when	4	or	more	sample	
results	were	detected	above	the	detection	limit	in	the	dataset;	typically	in	cases	where	the	
chemical	was	detected	infrequently	(i.e.	in	less	than	4	samples),	the	maximum	detected	
concentration	was	used	as	the	EPC.		

Concentrations	of	a	COPC	within	an	exposure	area	were	generally	variable.	Hot	spots	were	
identified	in	the	FWACC	soil	data	sets,	and	even	when	these	hot	spots	were	removed	from	the	
dataset,	high	variability	remained.	Overall,	uncertainties	in	exposure	point	concentrations	are	
more	likely	to	overestimate	than	underestimate	risks.	

Additionally,	when	calculating	EPCs	from	sampling	data,	any	approach	dealing	with	nondetected	
chemical	concentrations	is	associated	with	some	degree	of	uncertainty.	This	is	because	the	
nondetected	result	does	not	indicate	whether	the	chemical	is	absent	from	the	medium,	present	at	
a	concentration	just	above	zero,	or	present	at	a	concentration	just	below	the	reporting	limit.	For	
chemicals	that	are	infrequently	detected,	many	of	the	values	used	to	estimate	the	EPCs	are	based	
on	reporting	limits.	Elevated	reporting	limits	for	nondetects	can	lead	to	overestimation	of	risk	if	
the	actual	concentrations	are	well	below	the	reporting	limit.	However,	reporting	limits	for	Site	
COPCs	were	generally	toward	the	lower	end	of	the	detected	concentrations,	so	the	95	percent	or	
higher	UCLs	on	the	mean	were	minimally	influenced	by	the	reporting	limits.	

Exposure Point Concentrations for Air 
Measured	concentrations	of	soil	COPC	were	used	to	estimate	COPC	concentrations	in	air.	Soil	
concentrations	were	multiplied	by	a	conservative	site‐specific	PEF	to	estimate	a	concentration	of	
respirable	particles	in	air	due	to	fugitive	dust	emissions	from	contaminated	soils.	The	PEF	is	
estimated	based	on	the	size	of	the	source,	the	fraction	of	vegetative	cover,	and	mean	annual	wind	
speed.	For	this	analysis,	the	fraction	of	vegetative	cover	was	assumed	to	be	50	percent,	which	
likely	is	an	overestimate	for	this	developed	area.		
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The	contribution	of	the	inhalation	of	particulates	pathway	to	total	risks	was	not	significant	in	
comparison	to	the	incidental	ingestion	and	the	dermal	contact	pathway;	therefore,	the	
conservative	estimated	PEF	used	is	unlikely	to	alter	the	conclusions	of	the	risk	assessment.	

Exposure Point Concentrations Based on Current Conditions Used to Estimate Future 
Exposures  
Another	assumption	made	in	this	assessment	is	that	exposure	to	COPC	in	various	media	remains	
constant	over	time.	Thus,	the	assessment	assumes	contaminant	concentrations	will	neither	
increase	nor	decrease	over	time.	In	reality,	COPC	concentrations	in	dynamic	systems	change	over	
time.	Some	processes,	such	as	erosion	and	leaching,	may	lead	to	decreasing	or	increasing	
concentrations.	Future	concentrations	of	COPC	in	groundwater	may	vary	substantially	over	time,	
which	may	result	in	exposures	lower	or	higher	than	those	calculated	in	this	assessment.	COPC	
concentrations	in	soil	may	not	be	subject	to	as	much	uncertainty	in	the	future	since	many	COPCs	
are	relatively	stable	in	soil.	In	general,	the	magnitude	of	uncertainties	associated	with	estimation	
of	future	EPCs	cannot	be	ascertained	with	available	data	and	analysis.		

6.5.2.2 Exposure Parameters 

Exposure	parameters	are	generally	a	large	source	of	uncertainty.	Accurate	calculation	of	risk	
values	requires	accurate	estimates	of	the	level	of	human	exposure	that	is	occurring.	However,	
many	required	exposure	parameters	are	not	known	with	certainty	and	must	be	estimated	from	
limited	data	or	knowledge.	Exposure	parameters	are	selected	using	a	combination	of	available	
guidance,	professional	judgment,	and	Site‐specific	conditions.	These	sources	of	information	
include	considerable	uncertainty.	Exposure	assumptions	used	in	the	HHRA	generally	are	
conservative	and	chosen	to	assure	human	health	is	adequately	protected.	For	example,	
assumptions	made	for	exposure	time,	frequency,	and	duration	of	chemical	exposures,	as	well	as	
for	the	quantity	of	material	ingested,	inhaled,	or	absorbed,	are	all	on	the	high	end	of	those	
possible.	Their	combination	in	calculations	of	exposure	is	expected	to	provide	an	estimate	of	
exposure	well	above	the	average.	In	general,	assumptions	were	made	based	on	RME	and,	in	most	
cases,	values	were	based	on	general	EPA	guidance	documents.	RME	is	expected	to	fall	within	the	
high	range	of	possible	exposure,	and	exposures	estimated	in	this	risk	assessment	are	expected	to	
have	met	that	goal.		

6.5.3 Toxicological Data 
Toxicity	information	for	many	chemicals	is	often	limited.	Consequently,	there	are	varying	degrees	
of	uncertainty	associated	with	toxicity	values	(i.e.,	cancer	slope	factors,	reference	doses).	For	
example,	uncertainties	can	arise	from	extrapolation	from	animal	studies	to	humans,	high	dose	to	
low	dose,	and	continuous	exposure	to	intermittent	exposure.	In	addition,	in	some	cases,	only	a	
few	studies	are	available	to	characterize	the	toxicity	of	a	chemical,	and	uncertainties	exist	not	
only	in	the	dose	response	curve	but	also	in	the	nature	and	severity	of	the	adverse	effects	the	
chemical	may	cause.	EPA	typically	deals	with	this	uncertainty	by	applying	an	uncertainty	factor	
(10	to	100)	to	account	for	limitations	in	the	database.	Thus,	in	cases	where	available	data	do	
identify	the	most	sensitive	endpoint	of	toxicity,	risk	estimates	will	substantially	overestimate	true	
hazard.	In	general,	uncertainty	in	toxicity	factors	is	one	of	the	largest	sources	of	uncertainty	in	
risk	estimates	at	a	site.	Because	of	the	conservative	methods	EPA	uses	in	dealing	with	the	
uncertainties,	it	is	much	more	likely	the	uncertainty	will	result	in	an	overestimation	rather	than	
an	underestimation	of	risk.	
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Furthermore,	toxicity	values	are	often	based	on	observed	dose‐response	relationships	when	the	
chemical	is	dissolved	in	water	or	is	in	some	other	readily	soluble	form.	For	instance,	the	oral	SF	
for	arsenic	is	based	on	exposure	of	a	large	Taiwanese	population	to	dissolved	arsenic	in	drinking	
water.	However,	chemicals	in	soil	may	exist	in	forms	that	are	not	readily	absorbed.	In	this	risk	
assessment,	intakes	of	arsenic	from	soil	or	sediment	are	adjusted	using	a	relative	bioavailability	
of	60	percent.	

Total	chromium,	not	valence‐specific,	data	were	collected	from	the	FWACC.	In	the	absence	of	
valence‐specific	data,	total	chromium	is	evaluated	using	the	chromium	(VI)	toxicity	criteria.	This	
assumption	is	very	conservative	since	chromium	in	soil	is	generally	dominated	by	the	much	less	
toxic	trivalent	form.	Thus,	the	use	of	chromium	(VI)	toxicity	values	overestimates	the	risk	
attributed	to	total	chromium.	Chromium	can	exist	in	several	oxidation	states	ranging	from	
chromium	(II)	to	hexavalent	chromium	(VI).	Only	two	oxidation	states,	chromium	(III)	and	
chromium	(VI),	are	widely	studied	because	of	their	predominance	and	stability	in	the	ambient	
environment	and	their	toxicological	characteristics.	Chromium	(III)	is	poorly	absorbed	regardless	
of	the	route	of	exposure,	whereas	chromium	(VI)	is	more	readily	absorbed.	Toxicological	studies	
show	that	chromium	(VI)	is	generally	more	toxic	than	chromium	(III).	Chromium	(VI)	is	classified	
as	a	Group	A	‐	known	human	carcinogen	by	the	inhalation	route	of	exposure	(EPA	2012).	This	
risk	assessment	utilized	an	oral	SF	for	chromium	(VI).		

The	use	of	surrogate	toxicity	values	could	either	overestimate	or	underestimate	potential	risks.	
For	example,	the	oral	reference	dose	for	Aroclor	1254	was	used	to	evaluate	non‐cancer	exposures	
to	Aroclor	1260,	which	is	the	driver	for	chemical	non‐cancer	health	effects.	Although	toxic	effects	
vary	depending	on	the	specific	PCB	congener,	the	use	of	the	Aroclor	1254	is	expected	to	be	
conservative.		

Use	of	the	EPA	toxicity	criteria	could	either	overestimate	or	underestimate	potential	risks,	but	it	
is	difficult	to	determine	either	the	direction	or	magnitude	of	any	errors.	In	general,	however,	it	is	
likely	that	the	criteria	err	on	the	side	of	protectiveness	for	most	chemicals.	For	example,	use	of	
CSFs	for	arsenic,	especially	the	oral	CSF	based	on	exposure	of	a	large	Taiwanese	population	to	
dissolved	arsenic	in	drinking	water,	is	controversial.	Some	evidence	exists	that	metabolism	of	
arsenic	in	the	body	may	greatly	reduce	possible	cancer	risks	at	lower	levels	of	exposure.	

6.5.4 Risk Characterization 
There	is	also	uncertainty	in	assessing	the	risks	associated	with	a	mixture	of	chemicals.	In	this	
assessment,	the	effects	of	exposure	to	each	contaminant	present	have	initially	been	considered	
separately.	However,	these	substances	occur	together	at	the	site,	and	individuals	may	be	exposed	
to	mixtures	of	the	chemicals.	Prediction	of	how	these	mixtures	of	chemicals	will	interact	must	be	
based	on	an	understanding	of	the	mechanisms	of	such	interactions.	Individual	chemicals	may	
interact	chemically	in	the	body,	yielding	a	new	toxic	component	or	causing	different	effects	at	
different	target	organs.	Suitable	data	are	not	currently	available	to	rigorously	characterize	the	
effects	of	chemical	mixtures.	Consequently,	as	recommended	by	EPA	(1989),	chemicals	present	at	
the	site	are	assumed	to	act	additively,	and	health	risks	are	evaluated	by	summing	excess	lifetime	
cancer	risks	and	calculating	HIs	for	noncancer	health	effects.	
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This	approach	to	assessing	risk	associated	with	mixtures	of	chemicals	assumes	that	there	are	no	
synergistic	or	antagonistic	interactions	among	the	chemicals	and	that	all	chemicals	have	the	same	
toxic	endpoint	and	mechanisms	of	action.	To	the	extent	that	these	assumptions	are	correct,	the	
actual	risks	could	be	underestimated	or	overestimated.	Because	of	the	uncertainties	described	
above,	this	risk	assessment	should	not	be	construed	as	presenting	absolute	risks	or	hazards.	
Rather,	the	risk	assessment	is	designed	to	present	a	conservative	analysis	that	allows	for	
interpretation	of	site‐related	risks	under	a	standard	set	of	guidelines,	defined	target	risks,	and	
federal	policy.	

6.5.4.1 Building Materials Sampling 

The	hazardous	building	materials	survey	found	asbestos‐containing	materials	(ACM),	assumed	
asbestos‐containing	paint	(ACP),	lead‐based	paint	(LBP),	and	assumed	LBP	components,	and	
suspect	hazardous	materials	throughout	the	FWACC	building	structures.	ACM	tar	was	used	in	the	
construction	of	the	buildings	and	found	in	wire	insulation	and	electrical	panels,	roofing	materials,	
window	caulking,	and	interior	construction	materials.	LBP	was	found	in	the	TerraNova,	Primo	
Auto	Body,	Flat	Fix,	Jarabacoa	Deli	and	the	second‐floor	apartment,	and	the	exterior	of	K&M	Auto.	
Mercury	was	assumed	to	be	present	in	all	fluorescent	lightbulbs	and	wall	thermostats	
throughout.		

These	hazardous	materials	likely	represent	a	health	risk	that	was	not	quantified	in	this	HHRA.		

6.5.4.2 Gamma Radiation Assessment 

In	2013,	a	remedial	corrective	action	was	implemented	to	limit	worker	and	public	exposures	
from	contaminated	soils	buried	beneath	FWACC	buildings	and	the	adjacent	Irving	Avenue	street	
and	sidewalk.	The	remedial	corrective	action	involved	installation	of	concrete,	steel	and	lead	
shielding	to	limit	exposure	rates	in	the	work	and	public	areas.	EPA	Region	2	developed	a	dose	
assessment	for	the	FWACC	under	pre‐shield	and	post	shield	conditions.	Gamma	measurements	
were	recorded	in	µR/hr	at	specific	intervals	using	a	pressurized‐ionization	chamber	(PIC)	Model	
451P.	Two	measurements	were	recorded	at	each	interval,	one	at	ground	level	(contact)	and	the	
second	at	waist	height	(3	feet	above	ground).	For	each	property	that	was	surveyed,	specific	areas	
of	concern	were	identified	and	an	occupancy	factor	was	determined.	The	occupancy	factor	was	
determined	through	site	observations	of	the	percentage	of	time	an	individual	would	spend	in	
each	area	of	concern.	To	calculate	an	annual	dose	accumulation,	an	average	was	calculated	for	all	
for	contact	and	waist	results	within	an	area	of	concern.	The	average	was	then	multiplied	by	the	
estimated	annual	hours	worked	and	the	specific	occupancy	factor	for	the	area	of	concern.	The	
number	of	hours	worked	per	year	used	was	2,200	hours,	based	on	data	from	the	U.S.	Bureau	of	
Labor	Statistics	(2012).	As	seen	in	Table	6‐6	shielding	significantly	reduced	exposure	rates	for	
workers,	ranging	from	a	62	percent	to	94	percent	reduction.	

An	assessment	was	conducted	using	the	dose	assessment	described	above	(EPA	2014)	to	
calculate	associated	risk	levels.	Risk	factors	provided	in	the	ASTDR	Health	Consultation	(ATSDR	
2012)	were	used	to	convert	dose	to	risk	for	each	of	the	work	areas	listed	in	Table	6‐6.	These	
values	from	these	reports	were	used	to	maintain	consistency	among	the	dose	and	risk	evaluations	
that	have	been	promulgated	during	the	study	years	of	FWACC. The	minimum	average	value	and	
the	maximum	value	for	each	work	was	selected	to	provide	a	range	of	doses	and	risks	associated	
with	activities	at	the	FWACC.	These	doses	were	then	converted	to	risk	values	by	assuming	a	
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Cancer	Mortality	Risk	Conversion	factor	of	5.8E‐04/rem	and	a	Cancer	Incidence	Risk	Conversion	
Factor	of	1.16E‐03/rem	as	specified	in	the	ATSDR	2012	report.	Because	the	listed	doses	are	in	
mrem	per	year	the	converted	risk	values	were	multiplied	by	25	years,	the	assumed	worked	
exposure	duration	in	the	EPA	PRG	calculator,	to	obtain	a	lifetime	risk	value	for	each	work	area.	
Table	6‐7	and	Table	6‐8	provide	summaries	of	the	doses	selected	and	the	calculated	risk	values	
for	worker	external	exposures	at	the	site.	As	directed	by	EPA	region	2	it	was	assumed	that	the	
pre‐shielding	levels	would	be	applicable	for	future	worker	doses	and	the	current	shielded	dose	
rates	would	apply	to	calculating	present	worker	risks.	As	can	be	seen	by	the	result	in	Table	6‐7,	
lifetime	risk	levels	greater	than	1×10‐4	occur	for	all	locations	except	for	the	Former	Railroad	spur	
at	the	minimum	average	dose.	As	can	be	seen	by	the	result	in	Table	6‐8,	risk	levels	greater	than	
1×10‐4	occur	for	all	locations	for	future	workers.	

6.5.4.3 Radon and Thoron Cancer Risk Estimates 

Significant	uncertainty	surrounds	evaluation	of	thoron/radon	intrusion	into	buildings.	
Complexities	of	this	exposure	pathway	are	well	understood	for	non‐radioactive	gases	and	vapors,	
though	how	best	to	address	these	uncertainties	is	still	the	subject	of	active	discussion	and	
research.	Several	factors	that	influence	radon	(and	chemical	vapor)	migration	(e.g.,	preferential	
subsurface	flow	conduits,	foundation	integrity,	seasonal	variances,	structural	air	spaces,	air	turn‐
over	rate	and	others)	are	beyond	RESRAD	programing.	As	is	the	case	with	vapor	intrusion,	
RESRAD	estimates	of	intrusion	of	thoron	and	radon	into	indoor	spaces	should	be	considered	
screening	level	only.		

RESRAD	predicts	cancer	risk	above	1×10‐3	for	all	receptors	exposed	to	radon	and	risk	in	the	10‐5	
range	for	exposure	to	thoron.	Radon	air	samples	collected	in	FWACC	buildings	prior	to	the	
installation	of	lead	shielding	were	as	high	as	4.6	pCi/L	in	Lot	42,	Terra	Nova	(Weston	2016).	The	
EPA	PRG	Calculator	estimates	a	cancer	risk	of	3.3×10‐2	for	an	indoor	worker	based	on	this	
maximum	air	concentration.	Additional	data	will	be	collected	to	evaluate	exposures	for	receptors	
at	the	nearby	school	and	daycare.	

6.5.4.4 Consumption of Homegrown Produce 

A	number	of	factors	contribute	to	significant	uncertainties	associated	with	the	estimated	risks	
associated	with	the	consumption	of	homegrown	produce	by	future	residents.	First,	the	HHRA	did	
not	seek	a	site‐specific	estimate	for	consumption	of	homegrown	produce;	instead	default	
consumption	rates	were	used	for	a	number	of	fruits	and	vegetables	that	are	considered	in	the	
PRG	calculator.	Ingestion	rates	for	fruits	and	vegetables	and	leafy	vegetables	were	adjusted	in	
RESRAD	to	correspond	to	those	in	the	PRG	Calculator.	Secondly,	the	fraction	of	contaminated	
produce	ingested	was	set	at	the	default	of	1,	meaning	that	all	of	the	specified	fruits	and	vegetables	
ingested	were	assumed	to	be	grown	in	the	contaminated	zone.	Thirdly,	plants	were	assumed	to	
be	irrigated	with	on‐site	groundwater.	Finally,	the	assumption	that	residents	may	grow	a	
significant	portion	of	their	fruits	and	vegetables	in	a	densely	populated	urban	environment	likely	
overestimates	risks.		

Cancer	risks	associated	with	consumption	of	homegrown	produce	are	above	EPA’s	upper	risk	
range	due	to	exposure	to	thorium‐232	and	progeny	even	when	the	fraction	of	contaminated	
produce	consumed	is	reduced	to	10	percent	(Appendix	F).	Cancer	risks	for	the	produce	
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consumption	pathway	estimated	in	RESRAD	and	the	PRG	calculator	are	similar,	but	both	results	
likely	overestimate	exposure	that	might	occur	on	the	site	in	the	future	(Appendix	G).	

6.5.4.5 Noncancer Effects from Exposure to Uranium  

Samples	collected	during	the	RI	were	analyzed	for	uranium	isotopes	not	total	uranium;	therefore,	
noncancer	health	effects	associated	with	exposure	to	uranium	were	not	estimated.	However,	an	
estimate	of	uranium	mass	from	isotopes	was	estimated	to	perform	a	screening	level	non‐cancer	
hazard	calculation	for	residents.	Uranium	mass	was	estimated	assuming	that	U‐238	makes	up	
about	99%	of	natural	uranium	and	U‐235	makes	up	only	about	0.72	%	of	natural	uranium	(U.S.	
Public	Health	Service,	ATSDR,	1999)	and	can	be	ignored	for	screening.	Based	on	maximum	
activity	of,	U‐238	in	pCi/g	(20.87).	the	total	mass	for	uranium	was	estimated	to	be	60	mg/kg.	The	
current	residential	RSL	for	uranium	(soluble	salts)	is	230	mg/kg,	implying	an	HI	of	0.3.	

EPA	(2016d)	recently	issued	a	new	risk	assessment	document	regarding	a	noncancer	oral	RfD	for	
uranium.	This	document	recommends	the	use	of	the	Agency	for	Toxic	Substances	and	Disease	
Registry	(ATSDR)	minimal	risk	level	(MRL)	for	soluble	uranium	of	0.0002	mg/kg‐day	instead	of	
the	reference	dose(RfD)	of	0.003	mg/kg‐day	currently	provided	on	the	(IRIS).	Using	this	more	
conservative	RfD	would	increase	a	HI	estimate	by	a	factor	of	15,	or	a	HI	of	4	for	the	maximum	
uranium	concentration.		

The	value	of	20.87	pCi/g	is	an	outlier.	The	EPC	based	on	the	data	set	that	includes	this	value	is	2	
pCi/g,	implying	a	HI	of	0.4.	Exposure	to	uranium	in	soil	could	make	a	small	contribution	to	total	
HI	for	chemicals,	but	inclusion	of	uranium	in	the	quantitative	analysis	for	chemicals	would	not	
change	results.	A	HI	for	future	residents	is	55,	more	than	two	orders	of	magnitude	greater	than	
anticipated	for	uranium	alone.	

6.5.5 Summary of Uncertainties 
Risk	assessment	guidance	(EPA	1989)	stresses	the	importance	of	considering	uncertainties	in	
interpreting	and	applying	results	of	any	risk	assessment.	As	a	result	of	the	uncertainties,	this	risk	
assessment	should	not	be	construed	as	presenting	absolute	risks	or	hazards.	Rather,	it	is	a	
conservative	analysis	intended	to	indicate	the	potential	for	adverse	impacts	to	occur	based	on	
reasonable	maximum	and	average	exposures.	Assumptions	are	made	using	best	professional	
judgment	and	scientific	literature	on	Site	risk	assessments.	In	general,	assumptions	made	
throughout	this	risk	assessment	are	conservative	in	that	they	tend	to	overestimate	exposure	and	
resultant	risk	rather	than	underestimate	it.	The	overall	risk	to	public	health	attributable	to	the	
Site	is	an	upper	bound	probability	of	adverse	health	effects;	site‐related	impacts	are	likely	to	be	
lower,	perhaps	by	a	large	margin.		

6.6 Summary of Site Risks 
Both	chemical‐	and	radiation‐related	risks	are	higher	relative	to	protective	threshold	criteria.	
Chemical	risks	are	equal	to	the	top	of	EPA’s	risk	range	or	approach	that	level	of	risk.	Radiation	
risks	frequently	exceed	the	top	of	the	risk	range,	exceed	10‐3	in	several	instances,	and	the	highest	
risks	exceed	10‐2.		

The	highest	site‐related	risks	are	due	to	external	exposure	to	gamma	radiation,	to	inhalation	of	
radon	gas	that	collects	indoors	and	to	ingestion	of	homegrown	produce.	Th‐232	is	responsible	for	
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over	90	percent	of	external	radiation	exposure,	and	Ra‐226,	as	the	parent	of	Rn‐222,	is	
responsible	for	a	similar	percentage	of	risk	due	to	inhalation	of	radon.	Th‐232	and	Ra‐226	are	
likely	to	be	primary	risk	drivers	for	risk	management	decisions.	

Cancer	risks	associated	with	exposure	to	non‐radioactive	chemicals	and	to	radionuclides	could	be	
added	together	to	generate	estimates	of	total	site	risk.	However,	exposure	to	COPC	results	in	risk	
estimates	that	are	substantially	lower	(an	order	of	magnitude	or	more)	than	risk	associated	with	
ROPC	in	most	instances.	Thus,	adding	risk	would	not	significantly	change	the	magnitude	of	risk	
estimates	or	the	conclusions	drawn	from	the	risk	calculations.	Summed	chemical	and	radiation	
risks	are	not	presented	in	this	report,	with	one	exception.	COPC‐	and	ROPC‐related	risks	may	
both	contribute	notably	to	total	risk	for	soil	related	exposure	pathways.	In	this	case,	total	risk	as	
the	sum	of	chemical	and	radiation	exposures	is	calculated	(Section	7).	

Risks	due	to	ingestion	of	contaminated	shallow	groundwater	at	the	Site	are	high	for	COPCs,	with	
risk	estimates	about	equal	to	1×10‐4	to	3×10‐4	for	future	commercial	indoor	workers	and	future	
residents,	respectively.	Only	one	ROPC	implies	a	risk	to	groundwater.	K‐40	could	reach	levels	of	
concern	but	only	after	a	substantial	time	lag	(about	600	years).	Because	of	this	lag,	ROPC‐related	
risks	are	not	added	to	risks	due	to	ingestion	of	COPC.	K‐40	is	not	typically	enhanced	in	processing	
of	manzonite	ore	and	is	likely	present	only	at	naturally	occurring	levels.	Thus,	the	very	long‐term	
impact	implied	by	the	RESRAD	runs	is	unlikely	to	be	related	to	the	site	and	is	probably	due	to	the	
conservative	measure	of	including	all	detected	isotopes	as	ROPCs.	
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Section 7 

Summary of the Human Health Risk Assessment 

This	HHRA	evaluated	current	and	future	human	health	risks	resulting	from	exposures	to	
chemicals	and	radionuclides	at	the	Site	in	the	absence	of	any	additional	actions	to	control	or	
mitigate	these	risks	(i.e.,	under	an	assumption	of	no	action).	The	analysis,	results,	and	conclusions	
presented	in	this	assessment	provide	a	basis	for	evaluating	the	nature	and	magnitude	of	human	
health	risks	associated	with	exposure	to	site‐related	COPC	and	ROPC.	This	information	can,	in	
turn,	be	used	to	identify	areas	or	exposure	pathways	of	potential	concern	and	to	determine	the	
need	for	risk	management	measures.	In	general,	this	risk	assessment	focused	on	providing	a	
conservative	estimate	of	risk	for	the	Site.	A	number	of	assumptions	and	uncertainties	likely	to	
overestimate	rather	than	underestimate	risks	were	made	throughout	the	risk	assessment	
process.		

7.1 Approach 
The	overall	approach	for	the	HHRA	follows	guidance	and	recommendations	provided	in	Risk	
Assessment	Guidance	for	Superfund:	Volume	I	–	Human	Health	Evaluation	Manual	(Part	A)	(EPA	
1989),	subsequent	EPA	supplemental	risk	assessment	guidance	documents	and	other	guidance,	
literature,	or	site‐specific	information	as	appropriate.	Uncertainties	are	inherent	in	the	risk	
assessment	process	resulting	from	the	numerous	assumptions	made	in	estimating	exposure,	
toxicity,	and	risk.	Conservative	assumptions	are	made	at	every	step	of	the	process	in	the	HHRA	so	
as	not	to	underestimate	risk.	As	a	result,	the	risk	assessment	should	not	be	construed	as	
presenting	absolute	risks	or	hazards.	Rather,	the	analysis	provides	estimates	of	adverse	impacts	
that	can	reasonably	be	used	to	manage	site‐related	risks.	

Data	used	in	the	HHRA	include	analytical	results	for	samples	collected	between	2009	and	2016	
from	surface	and	subsurface	soil,	groundwater,	sewer	sediment,	building	materials,	and	indoor	
air.	

7.2 Exposure Assessment  
In	the	HHRA,	contaminants	in	various	media	at	the	Site	are	evaluated	for	health	to	the	following	
receptors:	

 Current	and	future	commercial	indoor	workers		

 Current	and	future	industrial	workers		

 Current	and	future	trespassers		

 Current	and	future	public	users	of	the	FWACC	and	surrounding	area		

 Current	and	future	nearby	(off	property)	residents	and	workers	

 Current	and	future	school	children	
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 Future	construction/utility	workers		

 Future	on‐property	residents	

Exposure	routes	evaluated	for	the	above	receptors	include:	

 External	radiation	from	surface	and	subsurface	soil,	outdoor	surfaces,	and	interior	surfaces		

 Direct	contact	with	radionuclides	in	surface	soil	(i.e.,	ingestion,	inhalation,	and	external	
radiation)		

 Direct	contact	with	radionuclides	in	subsurface	soil	(i.e.,	ingestion,	inhalation,	and	external	
radiation)		

 	Direct	contact	with	radionuclides	in	sewer	sediment	(i.e.,	ingestion	and	external	radiation)		

 Inhalation	of	radon	and	thoron	in	indoor	air		

 Direct	contact	with	chemicals	in	surface	soil	(i.e.,	incidental	ingestion,	dermal	contact,	and	
inhalation	of	particulates)		

 Direct	contact	with	chemicals	in	subsurface	soil	(i.e.,	incidental	ingestion,	dermal	contact,	
and	inhalation	of	particulates)		

 Direct	contact	with	chemicals	in	groundwater	used	as	drinking	water	(i.e.,	ingestion,	dermal	
contact,	and	inhalation)	

 Inhalation	of	vapors	emanating	from	groundwater	

 Ingestion	of	homegrown	produce	

Not	all	of	the	exposure	pathways	listed	above	are	evaluated	for	every	receptor	and	some	
pathways	are	evaluated	qualitatively	only.		

Quantitative	estimates	of	the	magnitude,	frequency,	and	duration	of	exposure	were	made	using	
area	specific	exposure	point	concentrations.	Daily	intakes	were	calculated	based	on	the	RME	
scenario	(the	highest	exposure	reasonably	expected	to	occur	at	a	site)	to	estimate	a	conservative	
exposure	case	that	is	still	within	the	range	of	possible	exposures.	CTE	assumptions	are	also	
developed,	which	reflect	more	typical	exposures.	

7.3 Toxicity Assessment  
Toxicity	assessment	(also	referred	to	as	dose‐response	assessment)	examines	the	potential	for	a	
chemical	to	cause	adverse	health	effects	in	exposed	individuals.	Adverse	effects	from	exposure	to	
chemicals	include	both	carcinogenic	and	noncarcinogenic	health	effects.	Health	criteria	for	
chemicals	used	in	this	HHRA	were	obtained	from	EPA’s	IRIS	if	available;	if	not,	criteria	were	
selected	from	a	variety	of	toxicological	sources	per	the	hierarchy	established	by	EPA	(2003).	
Other	sources	include	Cal/EPA,	EPA’s	PPRTVs,	and	additional	EPA	and	non‐EPA	sources	of	
toxicity	information,	such	as	ATSDR.	Cancer	slope	factors	provided	in	the	RESRAD	Onsite	Version	
7.2	model	(ANL	2016)	and	the	EPA	PRG	Calculator	were	used	for	radionuclides.	
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7.4 Risk Characterization 
Risk	characterization	involves	integrating	the	exposure	and	toxicity	assessments	into	quantitative	
expressions	of	risks/health	effects.	Specifically,	daily	intakes	are	compared	with	concentrations	
known	or	suspected	to	present	health	risks	or	hazards.	In	the	risk	characterization,	estimates	of	
cancer	risk	and	noncancer	health	hazards	and	the	greatest	chemical	contributors	to	these	
estimates	are	identified.	

Cancer	risks	are	estimated	as	the	incremental	probability	of	an	individual	developing	cancer	over	
a	lifetime	because	of	exposure	to	a	carcinogen.	The	upper	bound	excess	lifetime	cancer	risk	is	
estimated	by	multiplying	the	chemical	intake	estimates	by	the	cancer	slope	factor.	Excess	lifetime	
cancer	risks	are	generally	expressed	in	scientific	notation	and	are	probabilities.	An	excess	lifetime	
cancer	risk	of	1×10‐6,	for	example,	represents	the	incremental	probability	that	an	individual	will	
develop	cancer	because	of	exposure	to	a	carcinogenic	chemical	over	a	70‐year	lifetime	under	
specified	exposure	conditions.	The	total	excess	lifetime	cancer	risk	for	each	exposure	pathway	is	
obtained	by	summing	chemical‐specific	risk	estimates.	In	evaluating	cancer	risk,	it	is	assumed	
that	toxicity	of	chemical	mixtures	is	additive.	

The	potential	for	noncancer	health	effects	was	evaluated	by	comparing	an	exposure	level	over	a	
specified	time	period	with	an	RfD	or	concentration	(RfC)	derived	for	a	similar	exposure	period.	
This	ratio	of	exposure	to	toxicity	is	referred	to	as	an	HQ.	The	HI	is	the	sum	of	the	HQs	from	
individual	chemicals.	This	HI	assumes	that	there	is	a	level	of	exposure	below	which	it	is	unlikely	
even	for	sensitive	populations	to	experience	adverse	health	effects.	Although	an	HQ	of	less	than	1	
suggests	that	noncarcinogenic	health	effects	should	not	occur,	an	HQ	of	slightly	greater	than	1	is	
not	necessarily	an	indication	that	adverse	effects	will	occur.	If	the	HI	exceeds	unity	(1),	there	may	
be	concern	for	noncancer	effects;	however,	this	value	should	not	be	interpreted	as	a	probability.	
Generally,	the	greater	the	HI	above	unity,	the	greater	the	level	of	concern.	

In	general,	EPA	recommends	target	values	or	ranges	(i.e.,	cancer	risk	of	10‐6	to	10‐4	or	HI	of	1)	as	
threshold	values	for	human	health	impacts	(EPA	1989).	These	target	values	aid	in	determining	
whether	additional	response	action	is	necessary	at	the	Site.	

7.4.1 Results of Quantitative Risk Evaluation 
This	section	presents	a	summary	of	the	cancer	risks	and	noncancer	health	hazards	for	exposures	
to	contaminants	in	various	media	at	the	Site	that	are	quantitatively	evaluated	for	health	threats.	

7.4.1.1 Current Receptors 

Due	to	the	developed	nature	of	the	FWACC,	direct	contact	with	COPCs/ROPCs	in	soil	is	limited	for	
current	receptors.	However,	current	receptors	may	be	exposed	to	radionuclides	in	soil	via	
external	radiation.	Groundwater	is	not	currently	used	for	any	purpose	at	or	near	the	FWACC.		

Current	receptors	may	be	exposed	to	volatiles	emanating	from	groundwater	to	indoor	air;	this	
exposure	pathway	was	evaluated	qualitatively	by	comparison	of	maximum	detected	
concentrations	of	VOCs	in	groundwater	to	target	groundwater	concentrations	in	the	EPA	VISL	
Calculator	Version	3.5.1.	Maximum	detected	concentration	of	PCE,	TCE,	and	chloroform	were	
above	VISLs.	However,	this	evaluation	is	a	screening	level	assessment	and	may	overestimate	
exposure	via	vapor	intrusion	because	it	does	not	use	site‐specific	hydrogeologic	parameters.	
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An	abbreviated	summary	of	cancer	risks	is	provided	below.	Estimates	for	radiological	risks,	
except	for	exposure	to	radon,	are	from	the	PRG	Calculator.	

Cancer Risk 
 Commercial	Indoor	Worker		

 FWACC	property	

o External	radiation:	6×10‐4	

o Radon	Inhalation:	2×10‐3	

 Industrial	Worker	

 FWACC	property	

o External	radiation:	2×10‐3	

o Radon	Inhalation:	2×10‐3	

Lot‐by‐lot	risk	estimates	for	the	FWACC	property	are	presented	in	Table	6‐5.	

7.4.1.2 Future Receptors  

Risks	are	estimated	for	the	following	future	receptor	scenarios:	

Cancer Risk 
The	total	incremental	lifetime	cancer	risk	estimates	for	future	land‐use	receptors	are	listed	
below.	

 Residents	

 FWACC	property	

o RME	soil	chemical	exposure	pathways:	9×10‐4	

o RME	groundwater	chemical	exposure	pathways:	3×10‐4	

o External	radiation:	7×10‐3	

o Radon	inhalation:	8×10‐3	

o Total	non‐radon‐related	(soil):	5×10‐3	

o Homegrown	produce:	2×10‐2	

 Commercial	Indoor	Worker		

 FWACC	property	

o RME	groundwater	chemical	exposure	pathways:	1×10‐4	

o External	radiation:	2×10‐3	
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o Radon	Inhalation:	2×10‐3	

 Industrial	Worker	

 FWACC	property	

o RME	soil	chemical	exposure	pathways:	1×10‐4	

o External	radiation:	5×10‐3	

o Radon	Inhalation:	3×10‐3	

 Construction/Utility	Worker	

 FWACC	property	

o RME	soil	chemical	exposure	pathways:	2×10‐6	

o External	exposure/ROPC	soil	ingestion:	5×10‐5	

 Sewer	Sediment		

o RME	sediment	ROPC	exposure	pathways:	2×10‐4	

For	RME,	estimated	cancer	risks	for	future	residents	exceed	EPA’s	target	cancer	risk	range	of	
1×10‐6	to	1×10‐4.	Estimated	chemical	cancer	risk	for	future	commercial	indoor	workers	and	future	
industrial	workers	is	at	the	upper	bound	of	EPA’s	target	cancer	risk	range	of	1×10‐6	to	1×10‐4	and	
radionuclide	cancer	risks	exceed	1×10‐4.	Estimated	cancer	risk	for	future	construction/utility	
workers	exposed	to	(chemical	or	radionuclide)	contaminants	in	soil	is	within	EPA’s	target	cancer	
risk	range	of	1×10‐6	to	1×10‐4	but	exceed	this	range	for	workers	exposed	to	radionuclides	in	
sediment.	Cancer	risk	for	future	residents	is	primarily	due	to	incidental	ingestion	of	benzo(a)	
pyrene	and	Aroclor	1260	and	external	exposure	to	Th‐232	in	surface	soil.	Ingestion	of	hexavalent	
chromium	in	groundwater	dominates	risk	estimates	for	use	of	groundwater	for	potable	purposes.		

When	a	more	typical	exposure	is	considered	under	the	CTE	scenario,	total	excess	cancer	risk	for	
current	residents	is	still	above	EPA’s	target	range.		

Noncancer Health Hazard 
EPA’s	noncancer	target	threshold	is	1;	an	HI	greater	than	1	indicates	that	adverse	health	effects	
from	chemical	exposure	may	occur.	Estimated	HIs	for	future	receptors	are	listed	below.	HI	is	not	
calculated	for	ROPC.	

 Residents	

 FWACC	property	

o RME	soil	exposure	pathways:	Total	55;	eye	51,	finger	nail	51,	and	immune	systems	53,	
nervous	system	2,	blood	2,	skin	3	

o RME	groundwater	exposure	pathways:	Total	15;	liver	11,	kidney	2	
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 Commercial	Indoor	Worker		

 FWACC	property	

o RME	groundwater	exposure	pathways:	Total	3;	liver	2	

 Industrial	Worker	

 FWACC	property	

o RME	soil	exposure	pathways:	Total	6;	eye	6,	finger	nail	6,	immune	system	6	

 Construction/Utility	Worker	

 FWACC	property	

o RME	soil	exposure	pathways:	Total	2;	eye	2,	finger	nail	2,	immune	system	2	

For	RME,	noncancer	HIs	for	all	receptors	are	above	EPA’s	threshold	of	unity.	Adverse	health	
effects	for	receptors	who	use	groundwater	as	drinking	water	are	primarily	due	to	PCE	and	TCE	in	
groundwater.	PCE	affects	the	liver,	and	the	major	target	organ	affected	by	TCE	is	the	kidney,	
although	TCE	also	affects	the	heart	and	immunological	and	developmental	systems.	Adverse	
health	effects	due	to	exposure	to	Aroclor	1260	in	surface	soil	may	affect	the	eye,	finger	nail,	and	
immune	systems.	Selenium	in	surface	soil	may	affect	future	residents.	Selenium	affects	the	
nervous	system,	blood,	and	skin.		

7.5 Summary and Conclusions 
The	HHRA	presents	risk	estimates	for	various	scenarios	whereby	people	could	be	exposed	to	
COPCs	found	in	soil	and	groundwater.	Cancer	risk	estimates	are	also	presented	for	ROPCs	found	
in	soil,	outdoor	surfaces,	indoor	surfaces,	and	sewer	sediment.		

Due	to	the	developed	nature	of	the	FWACC,	direct	exposure	to	COPCs	in	soil	is	limited	for	current	
receptors.	In	addition,	groundwater	is	not	currently	used	for	any	purpose	at	or	near	the	FWACC.	
Complete	exposure	pathways	for	current	receptors	include	external	radiation	from	soil,	external	
radiation	from	outdoor	and	indoor	surfaces,	inhalation	of	radon	and	thoron	in	indoor	air,	and	
inhalation	of	volatiles	emanating	from	groundwater	to	indoor	air.	

Unacceptable	risks	are	estimated	for	future	residents	on	the	FWACC	property.	Unacceptable	risk	
and	hazards	are	due	to	exposures	to	COPCs	and	ROPCs	in	soil	and	COPCs	in	groundwater.	

Based	on	the	results	of	the	HHRA,	chemical	risk	drivers	in	soil	at	the	Site	include	PAHs	and	
Aroclor	1260;	these	chemicals	may	be	related	to	past	operations	at	the	Site.	Radionuclides	that	
drive	site‐related	risks	are	Th‐232	(external	exposure)	and	Ra‐226	(radon	emanation).	

Groundwater	is	not	currently	used	as	drinking	water	and	it	is	unlikely	to	be	used	as	such	in	the	
foreseeable	future;	however,	drinking	water	scenarios	were	evaluated	for	future	residents	and	
future	commercial	indoor	workers.	Chemical	risk	drivers	in	groundwater	at	the	Site	include	PCE,	
TCE,	and	hexavalent	chromium.	As	described	in	the	RI/FS,	PCE	and	TCE	contaminant	plumes	
originate	from	upgradient	sources	and	are	unlikely	to	be	site‐related.	The	risk	due	to	exposure	to	
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hexavalent	chromium	in	groundwater	is	most	likely	overestimated	because	the	concentration	
assumes	that	hexavalent	chromium	is	present	as	a	fraction	of	the	total	chromium	concentration.	
K‐40	could	eventually	present	a	risk	via	consumption	of	contaminated	groundwater	but	not	for	
several	centuries.	Moreover,	this	nuclide	is	unlikely	to	be	enhanced	by	previous	site	operations	
and	probably	represents	naturally	occurring	K‐40	in	materials	brought	to	and	used	at	the	FWACC	
properties.		

Ingestion	of	homegrown	produce	could	be	associated	with	unacceptable	risks	if	a	significant	
fraction	of	the	fruits	and	vegetables	consumed	are	grown	onsite.	Unless	site	conditions	change	
radically	it	is	unlikely	that	residents	would	be	able	to	maintain	substantial	gardens	to	support	the	
ingestion	rates	associated	with	unacceptable	risk.		
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0‐2 ft  0‐10 ft

Volatile Organic Compounds

Chloroform No No Yes

cis‐1,2‐Dichloroethene ‐‐ ‐‐ Yes

Tetrachloroethene No No Yes

Trichloroethene ‐‐ ‐‐ Yes

Semi‐volatile Organic Compounds  

1,1'‐Biphenyl No Yes ‐‐

2‐Methylnaphthalene No Yes ‐‐

Benzo(a)anthracene Yes Yes ‐‐

Benzo(a)pyrene Yes Yes ‐‐

Benzo(b)fluoranthene Yes Yes ‐‐

Benzo(k)fluoranthene Yes Yes ‐‐

Bis(2‐Ethylhexyl)Phthalate No Yes No

Indeno(1,2,3‐cd)pyrene Yes Yes ‐‐

Naphthalene No Yes ‐‐

Pesticides/Polychlorinated Biphenyls

4,4'‐DDT Yes Yes ‐‐

Aroclor 1260 Yes Yes ‐‐

Dieldrin Yes Yes ‐‐

Inorganics

Aluminum Yes Yes No

Arsenic Yes Yes Yes

Chromium Yes Yes Yes

Cobalt Yes Yes Yes

Iron Yes Yes Yes

Lead Yes Yes ‐‐

Manganese Yes Yes No

Mercury Yes Yes Yes

Selenium Yes Yes Yes

Vanadium Yes Yes ‐‐

Note:

Yes = selected as COPC

No = not selected as COPC

‐‐ = not detected

ft = feet

COPC = chemical of potential concern

Surface Soil

TABLE 3‐1

LIST OF CHEMICALS OF POTENTIAL CONCERN

Former Wolff‐Alport Chemical Company Site

Ridgewood, Queens, New York

Chemicals 

Site Soil

Groundwater
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Site Surface / 

Subsurface Soil (2)

0‐2 ft  0‐10 ft  0‐14 ft
Potassium‐40 Yes Yes Yes Yes

Radium‐226 Yes Yes Yes ‐‐

Thorium‐232 Yes Yes Yes Yes

Thorium‐228 Yes Yes Yes NA

Thorium‐230 Yes Yes Yes NA

Uranium‐234 Yes Yes Yes NA

Uranium‐235 Yes Yes Yes NA
Uranium‐238 Yes Yes Yes NA

Note:

(1)  These soil intervals are used to evaluate exposures to radionuclides for all receptors except construction/utility workers. 

(2)  This soil interval is used to evaluate exposures for construction/utility workers. 

Yes = selected as ROPC 
No = not selected as ROPC

‐‐ = not detected

ft = feet

ROPC = radionuclide of potential concern

TABLE 3‐2

LIST OF RADIONUCLIDES OF POTENTIAL CONCERN

Former Wolff‐Alport Chemical Company Site

Ridgewood, Queens, New York

Radionuclide
Site Soil (1)

Groundwater
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TABLE 6‐1

SUMMARY OF CANCER RISK AND NONCANCER HEALTH HAZARDS

Former Wolff‐Alport Chemical Company Site

Ridgewood, Queens, County, New York

RME Risk Driver CTE Risk Driver RME
Organ/Effect (Risk 

Driver)
CTE

Organ/Effect (Risk 

Driver)

1E‐03
Th‐232, total risk, non‐radon 

related
‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2E‐03 Ra‐226, Radon Related Risk

Total 3E‐03

3E‐03
Th‐232, total risk is non‐

radon related
‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2E‐03 Ra‐226, Radon Related Risk

Total 5E‐03

1E‐03
Th‐232, total risk is non‐

radon related
‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2E‐03 Ra‐226, Radon Related Risk

Chemical 1E‐04
PCE (2×10‐5), chromium 

(2×10‐5)
‐‐ ‐‐ 3 Liver (PCE HI=2) ‐‐ ‐‐

Radionuclide ‐‐

Potassium‐40 (breakthrough 

at 600 yr)‐ naturally 

occurring

‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Total 4E‐03 3

Chemical 1E‐04 Aroclor 1260  (9×10‐5) 3E‐05 ‐‐ 6

Eye / Finger Nail / 

Immune System 

(Aroclor 1260) 

4

Eye / Finger Nail / 

Immune System 

(Aroclor 1260) 

3E‐03
Th‐232, total risk, non‐radon 

related
‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

3E‐03 Ra‐226, Radon Related Risk

Total 6E‐03 3E‐05 6 4

Groundwater

Commercial Indoor 

Worker 

Noncancer Hazard Index (2)
Time 

Frame
Receptor Exposure Medium

Cancer Risk (1)

Future

Soil

Radionuclide

Radionuclide

Industrial Worker

Commercial Indoor 

Worker 
Soil

Industrial Worker Soil

Current 

Radionuclide

Soil Radionuclide
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TABLE 6‐1

SUMMARY OF CANCER RISK AND NONCANCER HEALTH HAZARDS

Former Wolff‐Alport Chemical Company Site

Ridgewood, Queens, County, New York

RME Risk Driver CTE Risk Driver RME
Organ/Effect (Risk 

Driver)
CTE

Organ/Effect (Risk 

Driver)

Noncancer Hazard Index (2)
Time 

Frame
Receptor Exposure Medium

Cancer Risk (1)

Chemical 9E‐04
benzo(a)pyrene (4×10‐4), 

aroclor 1260  (2×10‐4)
3E‐04

benzo(a)pyrene (2×10‐4), 

aroclor 1260  (8×10‐5)
55

Eye / Finger Nail / 

Immune System 

(Aroclor 1260) 

23

Eye / Finger Nail / 

Immune System 

(Aroclor 1260) 

5E‐03
Th‐232, total risk, non‐radon 

related
‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

8E‐03 Ra‐226, Radon Related Risk

1E‐02
Th‐232,Consumption of 

produce
‐‐ ‐‐

Chemical 3E‐04 chromium (4) (2×10‐4) 9E‐05 ‐‐ 15
Liver (PCE HI=11), 

Kidney (TCE HI=2)
8

Liver (PCE HI=6), 

Kidney (TCE HI=1)

Radionuclide ‐‐

Potassium‐40 (breakthrough 

at 600 yr)‐ naturally 

occurring

‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

3E‐02 4E‐04 69 31

Chemical 2E‐06 Aroclor 1260  (1×10‐6) ‐‐ ‐‐ 2

Eye / Finger Nail / 

Immune System 

(Aroclor 1260) 

‐‐ ‐‐

Radionuclide 5E‐05 Th‐232 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Sewer 

Sediment
Radionuclide 2E‐04 Th‐232 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

2E‐04 ‐‐ 2 ‐‐

FWACC = Former Wolff‐Alport Chemical Company

RME = reasonable maximum exposure

CTE = central tendency exposure

PCE = tetrachloroethene

TCE = trichloroethene

Th‐232 = thorium‐232

‐‐ = Not Evaluated
(1) Bolded values exceed EPA's target range of 1x10‐6 to 1x10‐4

(2) Bolded values exceed EPA's threshold of unity (1)
(3)Cancer risk is based on age‐adjusted scenario and noncancer hazard index is based on child exposure scenario
(4) Cancer risk is based on the assumption that a fraction of the total chromium measured in groundwater is hexavalent chromium. See uncertainty discussion.

Total

Construction/Utility 

Worker

Resident (3)

Groundwater

Total

Soil

Soil

Radionuclide

Future
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Receptor Non‐Radon‐ Relateda Soil Related Exposure Pathways Radon‐Thoron Relatedb

Current

Commercial Indoor Worker 1E‐03 External, Inhalation, Ingestion  2E‐03

Industrial Worker 3E‐03 External, Inhalation, Ingestion   2E‐03

Future

5E‐03 External, Inhalation, Ingestion   8E‐03

1E‐02 Homegrown produce NA

2E‐02 Total for Soil Exposure Pathways NA

Construction/Utility Worker 5E‐05 External, Inhalation, Ingestion 
Radon only significant 

for indoor exposure

a Th‐232 accounts for 90 percent or more of total risk

b Ra‐226 accounts for over 90 percent of total risk
 

Resident

TABLE 6‐2

CANCER RISK ESTIMATES FOR EXPOSURE TO RADIONUCLIDES

Former Wolff‐Alport Chemical Company Site

Ridgewood, Queens, New York
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Receptor Model Cover Maximum 

Dose 
Cancer Risk 

  (m) mrem (Year)    Time (Year)  External Ingestion Inhalation
Produce 

Consumption 
 Tap Water Total Radon Radon Thoron

Total Cancer 

Risk

Current  

 Commercial Indoor  

Worker
PRG Calculator  0.10 NA 0 5.83E‐04 2.41E‐05 6.27E‐06 NE (1) NE (2) (2) 6.14E‐04

  PRG Calculator  0.20 NA 0 2.47E‐04 2.41E‐05 6.27E‐06 NE (1) NE (2) (2) 2.78E‐04

  RESRAD (Year 1) 0.15 4.2 (1) 1 1.25E‐04 3.63E‐07 5.50E‐08 NE 0.00E+00 NE NE NE 1.26E‐04

  RESRAD 0.15 88 (910) 910 1.42E‐03 8.44E‐06 1.40E‐06 NE 1.45E‐04 NE NE NE 1.58E‐03

  RESRAD +Radon 0.15 145 (253) 300 1.46E‐03 8.99E‐06 1.41E‐06 NE 0.00E+00 1.65E‐03 1.51E‐03 2.30E‐05 3.12E‐03

Industrial Worker PRG Calculator 0.10 NA 0 1.60E‐03 4.82E‐05 6.90E‐06 NE NE NE NE NE 1.66E‐03

  PRG Calculator  0.20 NA 0 6.80E‐04 4.82E‐05 6.90E‐06 NE NE NE NE NE 7.35E‐04

RESRAD (Year 1) 0.15 8 (1) 1 2.36E‐04 8.22E‐07 2.80E‐07 NE NE NE NE NE 2.37E‐04

RESRAD 0.15 140 (250) 300 2.71E‐03 2.97E‐05 5.40E‐06 NE NE NE NE NE 2.75E‐03

RESRAD + Radon 0.15 182 (250) 300 2.71E‐03 2.97E‐05 5.40E‐06 NE NE 2.07E‐03 1.83E‐03 8.53E‐05 4.82E‐03

Future  

 Commercial Indoor  

Worker
PRG Calculator 0 NA 0 1.75E‐03 2.41E‐05 6.27E‐06 NE (1) (2) (2) (2) 1.78E‐03

  RESRAD 0 60.61 1 1.46E‐03 9.33E‐06 1.38E‐06 NE 0.00E+00 NE NE NE 1.47E‐03

  RESRAD 0 87.5 909 1.42E‐03 8.44E‐06 1.40E‐06 NE 1.37E‐04 NE NE NE 1.57E‐03

RESRAD +Radon 0 161.3 (12.6) 10 1.50E‐03 9.39E‐06 1.42E‐06 NE 0.00E+00 2.09E‐03 2.05E‐03 1.98E‐05 3.60E‐03

Industrial Worker PRG Calculator 0 NA 0 4.82E‐03 4.82E‐05 6.90E‐06 NE NE NE NE 4.88E‐03

  RESRAD 0 12 (1) 1 2.72E‐03 3.08E‐05 5.28E‐06 NE NE NE NE NE 2.76E‐03

  RESRAD 0 145 (16) 10 2.79E‐03 3.10E‐05 5.43E‐06 NE NE NE NE NE 2.83E‐03

RESRAD + Radon 0 195 (15) 10 2.79E‐03 3.10E‐05 5.43E‐06 NE NE 2.59E‐03 2.49E‐03 7.34E‐05 5.42E‐03

Resident PRG Calculator (1) 0 NA 0 6.63E‐03 2.58E‐04 8.08E‐06 2.13E‐02 1.08E‐02 (2) (2) (2) 3.90E‐02

RESRAD 0 223 (1) 1 5.20E‐03 1.46E‐04 5.74E‐06 NE NE NE NE NE 5.35E‐03

RESRAD 0 280 (909) 10 5.32E‐03 1.47E‐04 5.89E‐06 NE NE NE NE NE 5.48E‐03

  RESRAD + Radon 0 219 (10) 10 5.32E‐03 1.47E‐04 5.89E‐06 1.09E‐02 0.00E+00 7.62E‐03 7.48E‐03 8.21E‐05 2.40E‐02

Construction /Utility 

Worker

PRG Calculator (2‐D 

External)
0 NA 0 5.51E‐05 NE NE NE NE NE NE NE 5.51E‐05

  RESRAD (soil) 0 62 (1) 1 4.36E‐05 1.34E‐06 5.03E‐07 NE NE NE NE NE 4.54E‐05

 
RESRAD (sewer 

sediment)
0 277 (1) 1 1.67E‐04 7.20E‐06 4.49E‐06 NE NE NE NE NE 1.78E‐04

 

Note:
(1) Tap Water exposure pathways include: ingestion, inhalation, immersion, and produce consumption. Cancer risk is based  on 1 detect of Th‐232 in groundwater
(2)  The PRG Calculator does not estimate radon exposure from precursors in soil. 

mrem = millirem

NA = Not Available

NE = Not Evaluated

TABLE 6‐3

COMPARISON OF RESRAD AND PRG CALCULATOR CANCER RISK ESTIMATES BY EXPOSURE PATHWAY

Former Wolff‐Alport Chemical Company Site

Ridgewood, Queens, New York

Cancer Risk by Exposure Pathways
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LOT Property ID Description Area

Average Initial 

Contact Exposure 

Rate (1) 

Average Contact 

Exposure Rate 

After Shielding (1)

  µR/hr µR/hr

Area 1 101 18 82%

Area 2 48 14 71%

Area 1 70 15 79%

Area 2 53 12 77%

Area 3 64 12 81%

Area 1 65 21 68%

Area 2 59 20 66%

Area 3‐ Office 94 25 73%

31 P0008  Former Railroad Spur  Backyard Walkway 65 4 94%

NA P0011 Irving Avenue Sidewalk ( P0011) Public Sidewalk 239 38 84%

Average 89%

Range 28%

Note:

µR/hr = microroentgens  per hour
NA =  Not Applicable
Reference:
(1) EPA Region 2 Radiation Assessment and Response Action Report Former Wolff Alport Chemical Company Site, Ridgewood, Queens County, New York (EPA January 2016)

42 P0003
Tera Nova ‐ Construction Contractor 

Shop

 

Percent 

Reduction

44 P0001 Primo 1‐AutoBody Repair Shop

42 P0002 Primo 2‐AutoBody Repair Shop

TABLE 6‐4

LOT‐BY‐LOT EXPOSURE RATE SUMMARY FROM SHIELDING STUDY

Former Wolff‐Alport Chemical Company Site

Ridgewood, Queens, New York
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LOT Thorium‐232

Risk‐

Commercial 

Indoor 

Worker

Risk 

Industrial 

Worker

Radium‐226

Risk‐

Commercial 

Indoor 

Worker

Risk 

Industrial 

Workera

(pCi/g) (pCi/g)

31 4.00E+01 1.08E‐03 2.07E‐03 8.26E+00 1.97E‐03 2.39E‐03

33 4.92E+01 1.32E‐03 2.54E‐03 5.71E+01 1.36E‐02 1.65E‐02

42 5.05E+02 1.36E‐02 2.61E‐02 2.93E+00 6.99E‐04 8.49E‐04

44 2.22E+02 5.97E‐03 1.14E‐02 7.46E+00 1.78E‐03 2.16E‐03

46 1.47E+00 3.96E‐05 7.60E‐05 1.03E+00 2.46E‐04 2.99E‐04

Nuclide EPC Risk Multiplier

Th‐232 5.32E+01 1.43E‐03 2.69E‐05

Th‐232 5.32E+01 2.75E‐03 5.16E‐05

Ra‐226 6.32E+00 1.51E‐03 2.38E‐04

Ra‐226 6.32E+00 1.83E‐03 2.89E‐04

Note:

pCi/g = picocuries per gram 

Commercial Indoor Worker

Industrial Worker

Commercial Indoor Worker

a Industrial workers are assumed to spend about 1/2 of the time indoors that indoor workers spend; however, they have a 

higher inhalation rate.

Industrial Worker

Receptor

TABLE 6‐5

 LOT‐BY‐LOT RISK ESTIMATES FOR EXPOSURE TO RADIONUCLIDES IN SOIL

Former Wolff‐Alport Chemical Company Site

Ridgewood, Queens, New York
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Estimated Annual 

Dose 

Accumulation* 

(mrem/yr)

Maximum Annual 

Dose Potential** 

(mrem/yr)

Estimated Annual 

Dose 

Accumulation* 

(mrem/yr)

Maximum Annual 

Dose Potential** 

(mrem/yr)

Area 1: 5 to 45 feet 20% 35.28 79.2 6.31 19.8

Area 2: 30 to 55 feet 20% 44.85 79.2 8.11 21.12

Area 1: 5 to 35 feet 58% 74.6 121.22 17.35 31.9

Area 2: 40 to 60 feet 75% 70.34 82.5 21.98 36.3

Area 3: 70 to 80 feet 20% 33.55 48.4 5.75 8.8

Area 1: 15 to 55 feet 10% 13.61 29.7 4.3 8.58

Area 2: 60 to 145 feet 10% 10.44 19.8 3.8 7.04

Area 3: office, 20

to 50 feet

10% 10.07 26.4 0.61 3.96

Irving Avenue Sidewalk (P0011) Area 1: 10 to 85 feet 55% 177.72 429.55 47.54 157.3

* Estimated Annual Dose based on average exposure rate measurements at waist height (3 feet), 2,200 hours worked annually and an estimated frequency of occupancy.

** The Maximum Annual Dose Potential based on maximum exposure rate for each area, 2,200 hours worked annually and an estimated frequency of occupancy

Bolded value = Annual dose above the NRC’s regulatory limit of 100 mrem/yr for individuals of the public.

mrem/yr = millirem per year

References:
[1] EPA Region 2 Radiation Assessment and Response Action Report Former Wolff Alport Chemical Company Site, Ridgewood, Queens County, New York (EPA April 2014)

Agency for Toxic Substances and Disease Registry Health Consultation, Former Wolff‐Alport Chemical
[2] Agency for Toxic Substances and Disease Registry Health Consultation, Former Wolff‐Alport Chemical Corporation Site 1125‐1139 Irving Avenue Queens, New York (ATSDR February 2012)

32.06

Primo 1 (P0001)

Primo 2 (P0002)

Terra Nova (P0003)

Vacant Lot / Former Railroad 

Spur (P0008)
Area 1: 0 to 135 feet

TABLE 6‐6

LOT‐BY‐LOT ANNUAL DOSE ACCUMULATION ESTIMATES FROM SHIELDING STUDY

Former Wolff‐Alport Chemical Company Site

Ridgewood, Queens, New York

Before Shielding

Area of Concern
Occupancy Factor 

(%)

59.4

After Shielding

Property

Terra Nova Office (P0003) 75% 126.12 231
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Average 

Annual Dose

Maximum 

Annual Dose 
Average Maximum Average Maximum Average Maximum Average Maximum

Primo 1 6.31 21.12 3.70E‐06 1.20E‐05 9.10E‐05 3.10E‐04 7.30E‐06 2.40E‐05 1.80E‐04 6.10E‐04

Primo 2  5.75 36.3 3.30E‐06 2.10E‐05 8.30E‐05 5.30E‐04 6.70E‐06 4.20E‐05 1.70E‐04 1.10E‐03

Terra Nova 3.8 8.8 2.20E‐06 5.10E‐06 5.50E‐05 1.30E‐04 4.40E‐06 1.00E‐05 1.10E‐04 2.60E‐04

Terra Nova office 32.06 59.4 1.90E‐05 3.40E‐05 4.60E‐04 8.60E‐04 3.70E‐05 6.90E‐05 9.30E‐04 1.70E‐03

Former RR Spur 0.61 3.96 3.50E‐07 2.30E‐06 8.80E‐06 5.70E‐05 7.10E‐07 4.60E‐06 1.80E‐05 1.10E‐04

Irving Ave. Sidewalk 47.54 157.3 2.80E‐05 9.10E‐05 6.90E‐04 2.30E‐03 5.50E‐05 1.80E‐04 1.40E‐03 4.60E‐03

mrem/yr = millirem per year

TABLE 6‐7

SUMMARY OF POST SHIELDING CANCER RISK ESTIMATES FOR CURRENT WORKERS

Former Wolff‐Alport Chemical Company Site

Ridgewood, Queens, New York

Location

Post Shield Annual Doses 

(mrem/yr)

Risk Range ‐ Cancer Mortality Risk Range ‐ Cancer Incidence

Risk per year
Total Lifetime Exposure 

Risk
Risk per year

Total Lifetime Exposure 

Risk

Page 1 of 1



Average 

Annual Dose

Maximum 

Annual Dose 
Average Maximum Average Maximum Average Maximum Average Maximum

Primo 1 35.28 79.2 2.00E‐05 4.60E‐05 5.10E‐04 1.10E‐03 4.10E‐05 9.20E‐05 1.00E‐03 2.30E‐03

Primo 2  33.55 121.22 1.90E‐05 7.00E‐05 4.90E‐04 1.80E‐03 3.90E‐05 1.40E‐04 9.70E‐04 3.50E‐03

Terra Nova 10.44 29.7 6.10E‐06 1.70E‐05 1.50E‐04 4.30E‐04 1.20E‐05 3.40E‐05 3.00E‐04 8.60E‐04

Terra Nova office 126.12 231 7.30E‐05 1.30E‐04 1.80E‐03 3.30E‐03 1.50E‐04 2.70E‐04 3.70E‐03 6.70E‐03

Former Rail Road Spur 10.07 26.4 5.80E‐06 1.50E‐05 1.50E‐04 3.80E‐04 1.20E‐05 3.10E‐05 2.90E‐04 7.70E‐04

Irving Ave. Sidewalk 177.72 429.55 1.00E‐04 2.50E‐04 2.60E‐03 6.20E‐03 2.10E‐04 5.00E‐04 5.20E‐03 1.20E‐02

mrem/yr = millirem per year

TABLE 6‐8

SUMMARY OF POST SHIELDING CANCER RISK ESTIMATES FOR FUTURE WORKERS

Former Wolff‐Alport Chemical Company Site

Ridgewood, Queens, New York

Location

Pre‐Shield Annual Doses 

(mrem/yr)

Risk Range ‐ Cancer Mortality Risk Range ‐ Cancer Incidence

Risk per year
Total Lifetime Exposure 

Risk
Risk per year

Total Lifetime Exposure 

Risk
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TABLE A‐1

LIST OF SOIL SAMPLE LOCATIONS USED IN THE HUMAN HEALTH RISK ASSESSMENT

Former Wolff‐Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure Area 

(Lot)

Sample 

Location ID
Sampe Date 

Start Depth (ft 

bgs)
End Depth (ft bgs)

31 B2A 2009 0.00 1.00

31 B2B 2009 0.00 1.00

31 B2C 2009 0.00 1.00

31 B2D 2009 0.00 1.00

31 B2E 2009 2.00 2.50

31 B2F 2009 0.00 0.50

31 B2G 2009 4.00 5.00

31 B2S1 2009 0.00 0.50

31 B2S10 2009 0.00 0.50

31 B2S11 2009 0.00 0.50

31 B2S12 2009 0.00 0.50

31 B2S13 2009 0.00 0.50

31 B2S14 2009 0.00 0.50

31 B2S15 2009 0.00 0.50

31 B2S16 2009 0.00 0.50

31 B2S2 2009 0.00 0.50

31 B2S3 2009 0.00 0.50

31 B2S4 2009 0.00 0.50

31 B2S5 2009 0.00 0.50

31 B2S6 2009 0.00 0.50

31 B2S7 2009 0.00 0.50

31 B2S8 2009 0.00 0.50

31 B2S9 2009 0.00 0.50

31 B3S2 2009 0.00 0.50

31 SB‐03 10/21/2015 0 2

31 SB‐03 10/21/2015 2 4

31 SB‐03 10/21/2015 4 6

31 SB‐03 10/21/2015 6 8

31 SB‐03 10/21/2015 8 10

31 SB‐03 10/21/2015 10 12

31 SB‐03 10/21/2015 12 14

31 SB‐03 10/21/2015 12 14

31 SB‐03 10/21/2015 14 16

31 SB‐03 10/21/2015 16 18

31 SB‐03 10/21/2015 18 20

31 SB‐03 10/21/2015 20 22

31 SB‐04 10/21/2015 0 2

31 SB‐04 10/21/2015 2 4

31 SB‐04 10/21/2015 4 6

31 SB‐04 10/21/2015 6 8

31 SB‐04 10/21/2015 8 10

31 SB‐04 10/21/2015 10 12

31 SB‐04 10/21/2015 12 14

31 SB‐04 10/21/2015 14 16

31 SB‐04 10/21/2015 16 18

31 SB‐04 10/21/2015 16 18

31 SB‐04 10/21/2015 18 20

31 SB‐04 10/21/2015 18 20

31 SB‐04 10/21/2015 20 22

31 SB‐05 10/26/2015 0 2

31 SB‐05 10/26/2015 2 4

31 SB‐05 10/26/2015 4 6

31 SB‐05 10/26/2015 6 8

31 SB‐05 10/26/2015 8 10

31 SB‐05 10/26/2015 10 12

31 SB‐05 10/26/2015 12 14

31 SB‐05 10/26/2015 14 16

31 SB‐05 10/26/2015 16 18

31 SB‐05 10/26/2015 18 20

31 SB‐05 10/26/2015 20 22

31 SB‐05 10/26/2015 20 22

31 SB‐23 2/15/2016 0 2

31 SB‐23 2/15/2016 2 4

31 SB‐23 2/15/2016 2 4

31 SB‐23 2/15/2016 4 6

31 SB‐23 2/15/2016 6 8

31 SB‐23 2/15/2016 8 10

31 SB‐24 2/15/2016 0 2

31 SB‐24 2/15/2016 2 4

31 SB‐24 2/15/2016 4 6

31 SB‐24 2/15/2016 6 8

31 SB‐24 2/15/2016 8 10

31 SB‐25 2/15/2016 0 2

31 SB‐25 2/15/2016 2 4

31 SB‐25 2/15/2016 4 6

31 SB‐25 2/15/2016 6 8Page 1 of 7 10/28/2016
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31 SB‐25 2/15/2016 8 10

31 SB‐26 10/26/2015 0 2

31 SB‐26 10/26/2015 2 4

31 SB‐26 10/26/2015 2 4

31 SB‐26 10/26/2015 4 6

31 SB‐26 10/26/2015 5 7

31 SB‐27 2/15/2016 0 2

31 SB‐27 2/15/2016 2 4

31 SB‐27 2/15/2016 4 6

31 SB‐27 2/15/2016 6 8

31 SB‐27 2/15/2016 8 10

31 SB‐28 2/15/2016 0 2

31 SB‐28 2/15/2016 0 2

31 SB‐28 2/15/2016 2 4

31 SB‐28 2/15/2016 4 6

31 SB‐28 2/15/2016 6 8

31 SB‐28 2/15/2016 8 10

31 SB‐29 10/20/2015 0 2

31 SB‐29 10/20/2015 0 2

31 SB‐29 10/20/2015 2 4

31 SB‐29 10/20/2015 4 6

31 SB‐29 10/20/2015 6 8

31 SB‐29 10/20/2015 8 10

31 SB‐30 2/18/2016 0 2

31 SB‐30 2/18/2016 2 4

31 SB‐30 2/18/2016 4 6

31 SB‐30 2/18/2016 6 8

31 SB‐30 2/18/2016 8 10

31 SB‐31 10/19/2015 0 2

31 SB‐31 10/19/2015 2 4

31 SB‐31 10/19/2015 4 6

31 SB‐31 10/19/2015 6 8

31 SB‐31 10/19/2015 8 10

31 SB‐32 2/15/2016 0 2

31 SB‐32 2/15/2016 5 7

31 SB‐79 2/18/2016 0 2

31 SB‐79 2/18/2016 2 4

31 SB‐79 2/18/2016 4 6

31 SB‐79 2/18/2016 6 8

31 SB‐79 2/18/2016 6 8

31 SB‐79 2/18/2016 8 10

31 SB‐80 2/18/2016 0 1

31 SB‐80 2/18/2016 1 2

31 SB‐80 2/18/2016 2 4

31 SB‐80 2/18/2016 4 6

31 SB‐80 2/18/2016 6 8

31 SB‐80 2/18/2016 8 9

31 SB‐81 2/18/2016 0 1

31 SB‐81 2/18/2016 1 2

31 SB‐81 2/18/2016 2 4

31 SB‐81 2/18/2016 4 6

31 SB‐81 2/18/2016 6 8

31 SB‐81 2/18/2016 8 9

31 SB‐82 2/19/2016 0 2

31 SB‐82 2/19/2016 0 2

31 SB‐83 2/19/2016 0 2

31 SB‐83 2/19/2016 2 4

33 A5A 2009 1.00 1.50

33 A5B 2009 0.50 1.50

33 A6A 2009 0.50 1.00

33 A6B 2009 0.50 1.50

33 A6B 2009 0.50 1.50

33 A6C 2009 0.50 1.50

33 SB‐44 10/28/2015 0 2

33 SB‐44 10/28/2015 2 4

33 SB‐44 10/28/2015 4 6

33 SB‐44 10/28/2015 6 8

33 SB‐44 10/28/2015 8 10

33 SB‐45 10/28/2015 0 2

33 SB‐45 10/28/2015 2 4

33 SB‐45 10/28/2015 4 6

33 SB‐45 10/28/2015 6 8

33 SB‐45 10/28/2015 8 10

42 A3A 2009 0.50 1.50

42 A3B 2009 0.50 1.50

42 A3C 2009 0.50 1.00Page 2 of 7 10/28/2016
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42 A4A 2009 0.50 1.50

42 SB‐08 10/23/2015 0 2

42 SB‐08 10/23/2015 2 4

42 SB‐08 10/23/2015 4 6

42 SB‐08 10/23/2015 6 8

42 SB‐08 10/23/2015 8 10

42 SB‐08 10/23/2015 10 12

42 SB‐08 10/23/2015 12 14

42 SB‐08 10/23/2015 14 16

42 SB‐08 10/23/2015 16 18

42 SB‐08 10/23/2015 18 20

42 SB‐08 10/23/2015 18 20

42 SB‐08 10/23/2015 20 22

44 A2A 2009 8.50 9.00

44 A2B 2009 0.50 1.00

44 SB‐07 10/26/2015 0 2

44 SB‐07 10/26/2015 2 4

44 SB‐07 10/26/2015 4 6

44 SB‐07 10/26/2015 6 8

44 SB‐07 10/26/2015 8 10

44 SB‐07 10/26/2015 10 12

44 SB‐07 10/26/2015 12 14

44 SB‐07 10/26/2015 14 16

44 SB‐07 10/26/2015 16 18

44 SB‐07 10/26/2015 17 19

44 SB‐07 10/26/2015 18 20

44 SB‐07 10/26/2015 20 22

44 SB‐43 10/29/2015 0 2

44 SB‐43 10/29/2015 2 4

44 SB‐43 10/29/2015 4 6

46 A1A 2009 0.50 1.50

46 A1B 2009 0.50 1.00

46 SB‐06 10/29/2015 0 2

46 SB‐06 10/29/2015 5 6

46 SB‐06 10/29/2015 6 8

46 SB‐06 10/29/2015 8 10

46 SB‐06 10/29/2015 10 12

46 SB‐06 10/29/2015 12 14

46 SB‐06 10/29/2015 14 16

46 SB‐06 10/29/2015 16 18

46 SB‐06 10/29/2015 18 20

46 SB‐06 10/29/2015 20 22

46 SB‐11 10/20/2015 0 2

46 SB‐11 10/20/2015 2 4

46 SB‐11 10/20/2015 4 6

46 SB‐11 10/20/2015 6 8

46 SB‐11 10/20/2015 8 10

46 SB‐19 10/22/2015 0 2

46 SB‐19 10/22/2015 2 4

46 SB‐19 10/22/2015 4 6

46 SB‐19 10/22/2015 6 8

46 SB‐19 10/22/2015 8 10

48 B1D 2009 0.10 1.00

48 B3S1 2009 0.00 0.50

Cooper St./Ave. B1A 2009 2.00 2.00

Cooper St./Ave. B1B 2009 0.00 0.50

Cooper St./Ave. B1C 2009 1.50 1.50

Cooper St./Ave. SB‐15 10/28/2015 0 2

Cooper St./Ave. SB‐15 10/28/2015 2 4

Cooper St./Ave. SB‐15 10/28/2015 4 6

Cooper St./Ave. SB‐15 10/28/2015 6 8

Cooper St./Ave. SB‐15 10/28/2015 8 10

Cooper St./Ave. SB‐15 10/28/2015 8 10

Cooper St./Ave. SB‐20 11/9/2015 0 2

Cooper St./Ave. SB‐20 11/9/2015 2 4

Cooper St./Ave. SB‐21 10/22/2015 0 2

Cooper St./Ave. SB‐21 10/22/2015 2 4

Cooper St./Ave. SB‐21 10/22/2015 4 6

Cooper St./Ave. SB‐21 10/22/2015 4 6

Cooper St./Ave. SB‐21 10/22/2015 6 8

Cooper St./Ave. SB‐21 10/22/2015 8 10

Cooper St./Ave. SB‐22 10/22/2015 0 2

Cooper St./Ave. SB‐22 10/22/2015 2 4

Cooper St./Ave. SB‐22 10/22/2015 4 6

Cooper St./Ave. SB‐22 10/22/2015 6 8

Cooper St./Ave. SB‐22 10/22/2015 8 10Page 3 of 7 10/28/2016
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Cooper St./Ave. SB‐56 11/30/2015 0 2

Cooper St./Ave. SB‐56 11/30/2015 2 4

Cooper St./Ave. SB‐56 11/30/2015 4 6

Cooper St./Ave. SB‐56 11/30/2015 6 8

Cooper St./Ave. SB‐56 11/30/2015 8 10

Cooper St./Ave. SB‐56 11/30/2015 10 12

Cooper St./Ave. SB‐56 11/30/2015 12 14

Cooper St./Ave. SB‐56 11/30/2015 14 16

Cooper St./Ave. SB‐56 11/30/2015 16 18

Cooper St./Ave. SB‐56 11/30/2015 18 20

Cooper St./Ave. SB‐56 11/30/2015 20 22

Cooper St./Ave. SB‐57 12/1/2015 0 2

Cooper St./Ave. SB‐57 12/1/2015 0 2

Cooper St./Ave. SB‐57 12/1/2015 2 4

Cooper St./Ave. SB‐57 12/1/2015 4 6

Cooper St./Ave. SB‐57 12/1/2015 6 8

Cooper St./Ave. SB‐57 12/1/2015 8 10

Cooper St./Ave. SB‐58 11/30/2015 0 2

Cooper St./Ave. SB‐58 11/30/2015 2 3

Cooper St./Ave. SB‐58 11/30/2015 5 6

Cooper St./Ave. SB‐58 11/30/2015 6 8

Cooper St./Ave. SB‐58 11/30/2015 8 10

Cooper St./Ave. SB‐59 11/30/2015 0 2

Cooper St./Ave. SB‐59 11/30/2015 2 4

Cooper St./Ave. SB‐59 11/30/2015 4 6

Cooper St./Ave. SB‐59 11/30/2015 8 10

Cooper St./Ave. SB‐59 11/30/2015 8 10

Cooper St./Ave. SB‐60 11/30/2015 0 2

Cooper St./Ave. SB‐60 11/30/2015 2 4

Cooper St./Ave. SB‐60 11/30/2015 6 8

Cooper St./Ave. SB‐60 11/30/2015 8 10

Cooper St./Ave. SB‐61 12/1/2015 0 2

Cooper St./Ave. SB‐61 12/1/2015 2 3

Cooper St./Ave. SB‐61 12/1/2015 5 6

Cooper St./Ave. SB‐61 12/1/2015 6 8

Cooper St./Ave. SB‐61 12/1/2015 8 10

Cooper St./Ave. SB‐61 12/1/2015 15 16

Cooper St./Ave. SB‐61 12/1/2015 16 18

Cooper St./Ave. SB‐61 12/1/2015 18 20

Cooper St./Ave. SB‐61 12/1/2015 20 22

Cooper St./Ave. SB‐62 11/30/2015 0 2

Cooper St./Ave. SB‐62 11/30/2015 2 4

Cooper St./Ave. SB‐62 11/30/2015 6 8

Cooper St./Ave. SB‐62 11/30/2015 8 10

Cooper St./Ave. SB‐63 11/30/2015 0 2

Cooper St./Ave. SB‐63 11/30/2015 2 4

Cooper St./Ave. SB‐63 11/30/2015 4 6

Cooper St./Ave. SB‐63 11/30/2015 6 8

Cooper St./Ave. SB‐63 11/30/2015 8 10

Irving Ave. B1S2 2009 0.00 0.50

Irving Ave. B1S3 2009 0.00 0.50

Irving Ave. B3A 2009 8.00 9.00

Irving Ave. B3B 2009 0.00 1.00

Irving Ave. B3C 2009 0.00 1.00

Irving Ave. B3D 2009 0.00 0.50

Irving Ave. SB‐01 10/29/2015 0 2

Irving Ave. SB‐01 10/29/2015 2 4

Irving Ave. SB‐01 10/29/2015 4 6

Irving Ave. SB‐01 10/29/2015 6 8

Irving Ave. SB‐01 10/29/2015 8 10

Irving Ave. SB‐01 10/29/2015 10 12

Irving Ave. SB‐01 10/29/2015 12 14

Irving Ave. SB‐01 10/29/2015 14 16

Irving Ave. SB‐01 10/29/2015 16 18

Irving Ave. SB‐01 10/29/2015 20 22

Irving Ave. SB‐02 11/6/2015 0 2

Irving Ave. SB‐02 11/6/2015 2 4

Irving Ave. SB‐02 11/6/2015 4 6

Irving Ave. SB‐02 11/6/2015 6 8

Irving Ave. SB‐02 11/6/2015 8 10

Irving Ave. SB‐02 11/6/2015 10 12

Irving Ave. SB‐02 11/6/2015 12 14

Irving Ave. SB‐02 11/6/2015 14 16

Irving Ave. SB‐02 11/6/2015 16 18

Irving Ave. SB‐02 11/6/2015 18 20

Irving Ave. SB‐02 11/6/2015 20 22Page 4 of 7 10/28/2016
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Irving Ave. SB‐12 10/20/2015 0 2

Irving Ave. SB‐12 10/20/2015 2 4

Irving Ave. SB‐12 10/20/2015 4 6

Irving Ave. SB‐12 10/20/2015 4 6

Irving Ave. SB‐12 10/20/2015 6 8

Irving Ave. SB‐12 10/20/2015 8 10

Irving Ave. SB‐12 10/20/2015 8 10

Irving Ave. SB‐13 10/20/2015 0 2

Irving Ave. SB‐13 10/20/2015 2 4

Irving Ave. SB‐13 10/20/2015 4 6

Irving Ave. SB‐13 10/20/2015 6 8

Irving Ave. SB‐13 10/20/2015 8 10

Irving Ave. SB‐14 10/21/2015 0 2

Irving Ave. SB‐14 10/21/2015 2 4

Irving Ave. SB‐14 10/21/2015 4 6

Irving Ave. SB‐14 10/21/2015 6 8

Irving Ave. SB‐14 10/21/2015 8 10

Irving Ave. SB‐16 10/21/2015 0 2

Irving Ave. SB‐16 10/21/2015 2 4

Irving Ave. SB‐16 10/21/2015 4 6

Irving Ave. SB‐16 10/21/2015 6 8

Irving Ave. SB‐16 10/21/2015 8 10

Irving Ave. SB‐17 10/27/2015 0 2

Irving Ave. SB‐17 10/27/2015 2 4

Irving Ave. SB‐17 10/27/2015 4 6

Irving Ave. SB‐17 10/27/2015 6 8

Irving Ave. SB‐17 10/27/2015 8 10

Irving Ave. SB‐18 10/27/2015 0 2

Irving Ave. SB‐18 10/27/2015 2 4

Irving Ave. SB‐18 10/27/2015 4 6

Irving Ave. SB‐18 10/27/2015 6 8

Irving Ave. SB‐18 10/27/2015 6 8

Irving Ave. SB‐18 10/27/2015 8 10

Irving Ave. SB‐50 12/1/2015 0 2

Irving Ave. SB‐50 12/1/2015 0 1

Irving Ave. SB‐50 12/1/2015 0 1

Irving Ave. SB‐50 12/1/2015 2 4

Irving Ave. SB‐50 12/1/2015 4 6

Irving Ave. SB‐50 12/1/2015 6 8

Irving Ave. SB‐50 12/1/2015 6 8

Irving Ave. SB‐50 12/1/2015 8 10

Irving Ave. SB‐50 12/1/2015 10 12

Irving Ave. SB‐50 12/1/2015 12 14

Irving Ave. SB‐50 12/1/2015 14 16

Irving Ave. SB‐50 12/1/2015 16 18

Irving Ave. SB‐50 12/1/2015 18 20

Irving Ave. SB‐50 12/1/2015 20 22

Moffat St. SB‐33 10/20/2015 0 2

Moffat St. SB‐33 10/20/2015 2 4

Moffat St. SB‐33 10/20/2015 4 6

Moffat St. SB‐33 10/20/2015 6 8

Moffat St. SB‐33 10/20/2015 8 10

Moffat St. SB‐34 10/20/2015 0 2

Moffat St. SB‐34 10/20/2015 2 4

Moffat St. SB‐34 10/20/2015 4 6

Moffat St. SB‐34 10/20/2015 6 8

Moffat St. SB‐34 10/20/2015 8 10

Moffat St. SB‐35 10/27/2015 0 2

Moffat St. SB‐35 10/27/2015 2 4

Moffat St. SB‐35 10/27/2015 4 6

Moffat St. SB‐35 10/27/2015 6 8

Moffat St. SB‐35 10/27/2015 8 10

Moffat St. SB‐35 10/27/2015 10 12

Moffat St. SB‐35 10/27/2015 12 14

Moffat St. SB‐35 10/27/2015 14 16

Moffat St. SB‐35 10/27/2015 16 18

Moffat St. SB‐35 10/27/2015 18 20

Moffat St. SB‐35 10/27/2015 20 22

Moffat St. SB‐36 10/22/2015 0 2

Moffat St. SB‐36 10/22/2015 0 2

Moffat St. SB‐36 10/22/2015 2 4

Moffat St. SB‐36 10/22/2015 4 6

Moffat St. SB‐36 10/22/2015 6 8

Moffat St. SB‐36 10/22/2015 8 10

Moffat St. SB‐37 10/22/2015 0 2

Moffat St. SB‐37 10/22/2015 2 4Page 5 of 7 10/28/2016
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Moffat St. SB‐37 10/22/2015 4 6

Moffat St. SB‐37 10/22/2015 6 8

Moffat St. SB‐37 10/22/2015 8 10

Moffat St. SB‐38 10/27/2015 0 2

Moffat St. SB‐38 10/27/2015 2 4

Moffat St. SB‐38 10/27/2015 4 6

Moffat St. SB‐38 10/27/2015 6 8

Moffat St. SB‐38 10/27/2015 8 10

Moffat St. SB‐39 10/27/2015 0 2

Moffat St. SB‐39 10/27/2015 2 4

Moffat St. SB‐39 10/27/2015 2 4

Moffat St. SB‐39 10/27/2015 4 6

Moffat St. SB‐39 10/27/2015 6 8

Moffat St. SB‐39 10/27/2015 8 10

Moffat St. SB‐40 10/27/2015 0 2

Moffat St. SB‐40 10/27/2015 2 4

Moffat St. SB‐40 10/27/2015 4 6

Moffat St. SB‐40 10/27/2015 6 8

Moffat St. SB‐40 10/27/2015 8 10

Moffat St. SB‐41 10/26/2015 0 2

Moffat St. SB‐41 10/26/2015 2 4

Moffat St. SB‐41 10/26/2015 4 6

Moffat St. SB‐41 10/26/2015 6 8

Moffat St. SB‐41 10/26/2015 8 10

Moffat St. SB‐42 10/26/2015 0 2

Moffat St. SB‐42 10/26/2015 2 4

Moffat St. SB‐42 10/26/2015 2 4

Moffat St. SB‐42 10/26/2015 4 6

Moffat St. SB‐42 10/26/2015 6 8

Moffat St. SB‐42 10/26/2015 8 10

Moffat St. SB‐51 12/3/2015 0 2

Moffat St. SB‐51 12/3/2015 0 1

Moffat St. SB‐51 12/3/2015 2 4

Moffat St. SB‐51 12/3/2015 4 6

Moffat St. SB‐51 12/3/2015 6 8

Moffat St. SB‐51 12/3/2015 8 10

Moffat St. SB‐52 12/1/2015 0 2

Moffat St. SB‐52 12/1/2015 0 1

Moffat St. SB‐52 12/1/2015 0 1

Moffat St. SB‐52 12/1/2015 2 4

Moffat St. SB‐52 12/1/2015 4 6

Moffat St. SB‐52 12/1/2015 6 8

Moffat St. SB‐52 12/1/2015 8 10

Moffat St. SB‐53 12/1/2015 0 1

Moffat St. SB‐53 12/1/2015 1 2

Moffat St. SB‐53 12/1/2015 2 4

Moffat St. SB‐53 12/1/2015 4 6

Moffat St. SB‐53 12/1/2015 6 8

Moffat St. SB‐53 12/1/2015 8 10

Moffat St. SB‐54 12/3/15 0 1

Moffat St. SB‐54 12/3/15 1 2

Moffat St. SB‐54 12/3/15 2 4

Moffat St. SB‐54 12/3/15 2 4

Moffat St. SB‐54 12/3/15 4 6

Moffat St. SB‐54 12/3/15 6 8

Moffat St. SB‐54 12/2/15 8 10

Moffat St. SB‐55 12/2/15 0 2

Moffat St. SB‐55 12/2/15 2 4

Moffat St. SB‐55 12/2/15 4 6

Moffat St. SB‐55 12/2/15 6 8

Moffat St. SB‐55 12/2/15 8 10

Moffat St. SB‐64 2/17/2016 1 2

Moffat St. SB‐64 2/17/2016 2 4

Moffat St. SB‐64 2/17/2016 4 6

Moffat St. SB‐64 2/17/2016 6 8

Moffat St. SB‐64 2/17/2016 8 10

Moffat St. SB‐65 2/17/2016 0 2

Moffat St. SB‐65 2/17/2016 0 2

Moffat St. SB‐65 2/17/2016 2 4

Moffat St. SB‐65 2/17/2016 4 6

Moffat St. SB‐65 2/17/2016 6 8

Moffat St. SB‐65 2/17/2016 8 10

Moffat St. SB‐66 2/17/2016 0 2

Moffat St. SB‐66 12/3/2015 0 2

Moffat St. SB‐66 10/26/2015 0 2

Moffat St. SB‐66 10/26/2015 0 2Page 6 of 7 10/28/2016
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Moffat St. SB‐66 12/2/2015 0 2

Moffat St. SB‐66 2/17/2016 2 4

Moffat St. SB‐66 10/26/2015 2 4

Moffat St. SB‐66 12/2/2015 2 4

Moffat St. SB‐66 10/26/2015 2 4

Moffat St. SB‐66 12/3/2015 2 4

Moffat St. SB‐66 2/17/2016 4 6

Moffat St. SB‐66 10/26/2015 4 6

Moffat St. SB‐66 12/2/2015 4 6

Moffat St. SB‐66 12/3/2015 4 6

Moffat St. SB‐66 10/26/2015 4 6

Moffat St. SB‐66 2/17/2016 6 8

Moffat St. SB‐66 10/26/2015 6 8

Moffat St. SB‐66 12/3/2015 6 8

Moffat St. SB‐66 10/26/2015 6 8

Moffat St. SB‐66 12/2/2015 6 8

Moffat St. SB‐66 2/17/2016 8 10

Moffat St. SB‐66 10/26/2015 8 10

Moffat St. SB‐66 12/3/2015 8 10

Moffat St. SB‐66 12/2/2015 8 10

Moffat St. SB‐66 10/26/2015 8 10

Moffat St. SB‐67 2/17/2016 0 2

Moffat St. SB‐67 2/17/2016 2 4

Moffat St. SB‐67 2/17/2016 4 6

Moffat St. SB‐67 2/17/2016 6 8

Moffat St. SB‐67 2/17/2016 8 10

Moffat St. SB‐68 2/18/2016 0 2

Moffat St. SB‐68 2/18/2016 2 4

Moffat St. SB‐68 2/18/2016 4 6

Moffat St. SB‐68 2/18/2016 6 8

Moffat St. SB‐68 2/18/2016 6 8

Moffat St. SB‐68 2/18/2016 8 10

Moffat St. SB‐69 2/16/2016 0 2

Moffat St. SB‐69 2/16/2016 2 4

Moffat St. SB‐69 2/16/2016 4 5

Moffat St. SB‐69 2/16/2016 6 8

Moffat St. SB‐69 2/16/2016 8 10

Moffat St. SB‐70 2/18/2016 0 2

Moffat St. SB‐70 2/18/2016 2 4

Moffat St. SB‐70 2/18/2016 4 6

Moffat St. SB‐70 2/18/2016 6 8

Moffat St. SB‐70 2/18/2016 8 10

Moffat St. SB‐71 2/19/2016 0 1

Moffat St. SB‐72 2/19/2016 0 2

Moffat St. SB‐73 2/19/2016 0 2

Moffat St. SB‐74 2/17/2016 0.5 3

Moffat St. SB‐74 2/17/2016 3 5

Moffat St. SB‐74 2/17/2016 5 7

Moffat St. SB‐74 2/17/2016 7 9

Moffat St. SB‐75 2/17/2016 0.5 3

Moffat St. SB‐75 2/17/2016 3 4

Moffat St. SB‐75 2/17/2016 6 8

Moffat St. SB‐75 2/17/2016 8 10

Moffat St. SB‐76 2/16/2016 1 6

Moffat St. SB‐76 2/16/2016 6 8

Moffat St. SB‐76 2/16/2016 8 10

Moffat St. SB‐77 2/16/2016 1 3

Moffat St. SB‐77 2/16/2016 3 5

Moffat St. SB‐77 2/16/2016 6 7.5

Moffat St. SB‐78 2/19/2016 0 2

Moffat St. SB‐78 2/19/2016 2 4

Moffat St. SB‐78 2/19/2016 4 6

Acronyms:

ID ‐ identification 

ft bgs ‐ feet below ground surface
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TABLE A‐2

LIST OF SEWER SEDIMENT LOCATIONS USED IN THE HUMAN HEALTH RISK ASSESSMENT

Former Wolff‐Alport Chemical Company Site

Ridgewood, Queens, New York

Sample Location ID Date Performed

SED‐1 (BAS‐1 Sediment) 2013 (June and July)

SED‐2 (BAS‐2 Sediment) 2013 (June and July)

SED‐3 2013 (June and July)

SED‐4 2013 (June and July)

SED‐5 2013 (June and July)

SED‐6 2013 (June and July)

SED‐8 2013 (June and July)

Acronyms:

ID ‐ identification 

MH ‐ manhole

MH‐8. Corner of Moffat and Irving.

Description of Location

MH‐15. Irving and Eldert. 

MH‐11. Irving and Cooper. 

MH‐2. Irving and Schaefer. 

MH‐1. Irving and Decatur. 

MH‐5. On Irving between Cooper and Decatur. 

MH‐6. Covert and Irving. 
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TABLE A‐3

LIST OF GROUNDWATER SAMPLES USED IN THE HUMAN HEALTH RISK ASSESSMENT

Former Wolff‐Alport Chemical Company Site

Ridgewood, Queens, New York

Monitoring 

Well ID Sample Date 

Well Screen 

Start Depth (ft 

bgs)

Well Screen End 

Depth (ft bgs)

MW‐01 12/10/2015 65 75

  4/21/2016 65 75

MW‐02 12/9/2015 65 75

  4/21/2016 65 75

MW‐03 12/9/2015 65 75

  4/20/2016 65 75

MW‐04 12/9/2015 65 75

  4/21/2016 65 75

MW‐05 12/9/2015 65 75

  4/20/2016 65 75

Acronyms:

ID ‐ identification 

ft bgs ‐ feet below ground surface
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Appendix B
RAGS D Tables for RME Scenario



Appendix B Contents
Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

B-1 Selection of Exposure Pathways
B-2 Occurrence, Distribution and Selection of Chemicals of Potential Concern

B-2.1a Future Soil (0-2 feet below ground surface (ft bgs)) - Chemical FWACC Site
B-2.1b Current/Future Soil (0-2 ft bgs) - Radionuclide -FWACC Site
B-2.1c Future Soil (0-10 ft bgs) - Chemical -WACC Site
B-2.1d Current/Future Soil (0-10 ft bgs) - Radionuclide -FWACC Site
B-2.1e Current/Future Soil (0-2 ft bgs) - Radionuclide -Moffat Street
B-2.1f Current/Future Soil (0-10 ft bgs) - Radionuclide -Moffat Street
B-2.1g Current/Future Soil (0-2 ft bgs) - Radionuclide -Cooper Street
B-2.1h Current/Future Soil (0-10 ft bgs) - Radionuclide -Cooper Street
B-2.1i Current/Future Soil (0-10 ft bgs) - Radionuclide -Irving Avenue

` B-2.1j Current/Future Soil (0-2 ft bgs) - Radionuclide -School
B-2.1k Current/Future Soil (0-10 ft bgs) - Radionuclide -School
B-2.2a Future Groundwater, Chemical
B-2.2b Future Groundwater, Radionuclide
B-2.3 Future Sediment -Sewer  
B-2.4 Building Materials  

B-3 Medium-Specific Exposure Point Concentration Summary
B-3.1a Future Soil (0-2 feet below ground surface (ft bgs)) - Chemical FWACC Site
B-3.1a-2 Future Soil (0-2 feet ft bgs) - Chemical FWACC Site, Without Hot Spots
B-3.1b Future Soil (0-10 ft bgs) - Chemical -FWACC Site
Note : 0-10 feet soil interval is used to evalute radionuclide exposure
B-3.1c Current/Future Soil (0-10 ft bgs) - Radionuclide - FWACC Site
B-3.1d Current/Future Soil (0-10 ft bgs) - Radionuclide - Moffat Street
B-3.1e Current/Future Soil (0-10 ft bgs) - Radionuclide - Cooper Street
B-3.1f Current/Future Soil (0-10 ft bgs) - Radionuclide - Irving Avenue
B-3.1g Current/Future Soil (0-10 ft bgs) - Radionuclide - School
B-3.2a Future Groundwater, Chemical
B-3.2b Future Groundwater, Radionuclide
B-3.3 Future Sediment -Sewer

B-4 Values and Equations Used for Intake Calculations
B-4.1 Soil, Chemical
B-4.2 Sediment, Chemical
B-4.3 Soil/Sediment Intake Equations
B-4.4 Groundwater
B-4.5 Groundwater Intake Equations
B-4.6 RESRAD
B-4.7 RESRAD Intake equations
B-4.8 Chemical Specific Factors
B-4.9 Particulate Emission Factor

B-5 Noncancer Toxicity Data
B-5.1 Oral/Dermal, Chemical
B-5.2a Inhalation (Chronic), Chemical
B-5.2b Inhalation (Subchronic) , Chemical
B-5.2c Inhalation (Acute), Chemical

B-6 Cancer Toxicity Data
B-6.1 Oral/Dermal, Chemical
B-6.2 Inhalation, Chemical 

 Cancer Values for Radionuclides are Provided in RESRAD
B-7 Calculation of Chemical Cancer Risks and Noncancer Hazards - Reasonable Maximum Exposure

Note: Current receptors are not exposed to chemical contaminants in soil, but may be exposed to radionuclides

B-7.1 Future Resident (Soil)
B-7.1b Future Resident (Soil), Total Uranium
B-7.2 Future Resident (Soil without hot spots)
B-7.3 Future Resident (Groundwater)
B-7.4 Future Resident (Groundwater, Risks and Hazards for TCE)
B-7.5 Future Industrial Worker (Soil)
B-7.6 Future Commercial Indoor Worker (Groundwater)
B-7.7 Future Construction/Utility Worker (Soil)

B-8 Summary of Radiation Cancer Risks 
Radiation Cancer Risks are calcuated using the RESRAD model
B-8.1 Future Resident Note:  Because RESRAD is used to estimate cancer risks only an example is provided. Intakes and slo

B-9 Summary of Receptor Risks and Hazards for Chemical of Potential Concerns - Reasonable Maximum Exposure
B-9.1 Future Resident
B-9.2 Future Industrial Worker 
B-9.3 Future Commercial Indoor Worker
B-9.4 Future Construction/Utility Worker 

B-10 Risk Assessment Summary - Reasonable Maximum Exposure
B-10.1 Future Resident
B-10.2 Future Industrial Worker 
B-10.3 Future Commercial Indoor Worker
B-10.4 Future Construction/Utility Worker 



Scenario 
Timeframe

Receptor 
Population

Receptor (Age) Medium
Exposure 

Medium (1) Exposure Point
Exposure 

Route
Type of 
Analysis

Rationale for Selection or Exclusion of Exposure Pathway

Dermal NE
Ingestion NE

Particulates in 
Ambient Air

Inhalation NE

Surface/ 
Subsurface Soil

Surface/ 
Subsurface Soil

External 
Radiation

Quant
Indoor workers(e.g., deli workers) may be exposed to ionizing 
radiation while at work

Air Indoor Air Inhalation Quant Indoor workers (e.g., deli workers) may inhale radon and thoron (2) 

while at work

Outdoor Hard 
Surfaces 

Air Air
External 

Radiation
Qual

Commercial indoor workers may be exposed to ionizing radiation 
from outdoor surfaces while at work. Surfaces include sidewalks, 
streets, and buildings.

Interior Building 
Surfaces

Air Indoor Air 
External 

Radiation
Qual

Indoor workers  may be exposed to ionizing radiation from building 
materials while at work 

Groundwater Indoor Air Indoor Air Inhalation Qual

Workers may be exposed to contaminants in indoor air via vapor 
intrusion from groundwater. Groundwater concentrations are 
screened against EPA Vapor Intrusion Screening Levels in the risk 
assessment.

TABLE B-1

Currently the majority of the FWACC is covered by  buildings, 
cement, or asphalt. Commercial indoor workers are not expected 
to contact contaminants in surface soil; therefore, these pathways 
are considered incomplete and not evaluated 

Current
Commercial 

Indoor Worker
Adult

 Soil

SELECTION OF EXPOSURE PATHWAYS
Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Surface Soil

Surface Soil 
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Scenario 
Timeframe

Receptor 
Population

Receptor (Age) Medium
Exposure 

Medium (1) Exposure Point
Exposure 

Route
Type of 
Analysis

Rationale for Selection or Exclusion of Exposure Pathway

TABLE B-1
SELECTION OF EXPOSURE PATHWAYS

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Dermal NE

Ingestion NE

Particulates in 
Ambient Air

Inhalation NE

Surface/ 
Subsurface Soil

Surface/ 
Subsurface Soil

External 
Radiation

Quant

Workers may be exposed to ionizing radiation while at work in 
areas where there is limited shielding both indoors and outdoors.

Air Indoor Air Inhalation Quant Workers may inhale radon and thoron (2) while at work. 

Interior Building 
Surfaces

Air Air
External 

Radiation
Qual

Industrial workers may be exposed to ionizing radiation from 
building materials while at work.

Outdoor Hard 
Surfaces 

Air Air
External 

Radiation
Qual

Industrial workers may be exposed to ionizing radiation from 
outdoor surfaces while at work. Surfaces include sidewalks, 
streets, and buildings.

Groundwater Indoor Air Indoor Air Inhalation Qual

Workers may be exposed to contaminants in indoor air via vapor 
intrusion  from groundwater. Groundwater concentrations are 
screened against EPA Vapor Intrusion Screening Levels in the risk 
assessment.

Dermal NE

Ingestion NE

Inhalation NE

Surface/ 
Subsurface Soil

External 
Radiation

Qual

Outdoor Hard 
Surfaces 

Air Air
External 

Radiation
Qual

Exposure to ionizing radiation from outdoor surfaces is evaluated 
qualitatively by comparison with exposures to workers who use the 
area.

Current Trespasser Adult/Adolescent

Surface Soil 
Currently the majority of the FWACC is covered by  buildings, 
cement, or asphalt. Current industrial workers are not expected to 
contact contaminants in surface soil in most areas; therefore, 
these pathways are considered incomplete and not evaluated. 

Although uses of this area change rather frequently, the former rail 
spur area is currently used for parking vehicles. Because the area 
is covered with 1 foot of gravel in areas, industrial workers (e.g., 
auto body workers) are not expected to be significantly exposed to 
ionizing radiation in shielded areas or to chemical contamination in 
surface soil during their brief activities in the abandoned rail area. 
However external radiation is evaluated. 

Surface Soil, 
Former Rail 
Road Spur

External 
Radiation

 Soil Surface Soil

Current

Quant

Industrial 
Worker

Adult

Although the abandoned rail spur area has been used  by people 
for camping in the past, trespassing in this area is not expected to 
occur on a frequent basis, currently or in the future. The area is 
fenced and locked and covered with one foot of gravel in some 
areas. Therefore, possible exposure to site contaminants while 
trespassing is considered insignificant; however, exposure to 
ionizing radiation is evaluated qualitatively by comparison with 
exposures to workers who use the area.

Surface Soil

 Soil

Surface Soil,  
Former Rail 
Road Spur
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Scenario 
Timeframe

Receptor 
Population

Receptor (Age) Medium
Exposure 

Medium (1) Exposure Point
Exposure 

Route
Type of 
Analysis

Rationale for Selection or Exclusion of Exposure Pathway

TABLE B-1
SELECTION OF EXPOSURE PATHWAYS

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

 Soil
Surface/ 

Subsurface Soil
Surface/ 

Subsurface Soil
External 

Radiation
Qual

The public may be exposed to ionizing radiation while at the site or 
in the vicinity of the site. The general public includes people who 
may pass through the site on a frequent basis (e.g. pedestrians, 
bicyclists, commuters, etc.) or live or work near the site.

Outdoor Hard 
Surfaces 

Air Air
External 

Radiation
Qual

The general public may be exposed to ionizing radiation while in 
the neighborhood. Due to the uncertainty associated with 
exposure times, these receptors are evaluated qualitatively. 
Surfaces include sidewalks, streets, buildings

Interior Building 
Surfaces

Air Air
External 

Radiation
Qual

The general public may be exposed to ionizing radiation when at 
onsite businesses. Due to the uncertainty associated with 
exposure times, these receptors are evaluated qualitatively.

Surface/ 
Subsurface Soil

Surface/ 
Subsurface Soil

External 
Radiation

Qual
Nearby residents and workers may be exposed to ionizing 
radiation 

Air Indoor Air Inhalation Qual Nearby residents and workers may inhale radon or thoron (2)

Outdoor Hard 
Surfaces 

Air Air
External 

Radiation
Qual

Nearby offsite receptors (residents and workers may be exposed 
to ionizing radiation.)

Surface/ 
Subsurface Soil

Surface/ 
Subsurface Soil

External 
Radiation

Qual
School children may be exposed to ionizing radiation while 
attending school near the site; however, exposure is likely at 
background levels.

Air Indoor Air Inhalation Qual
School children may be inhale radon or thoron  (2) while at school 
near the site

Current
Off Property 
Receptors

Current Public Adult/Child

 Soil
Adult/Child

Offsite School 
Children

 Soil
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Scenario 
Timeframe

Receptor 
Population

Receptor (Age) Medium
Exposure 

Medium (1) Exposure Point
Exposure 

Route
Type of 
Analysis

Rationale for Selection or Exclusion of Exposure Pathway

TABLE B-1
SELECTION OF EXPOSURE PATHWAYS

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Surface Soil Surface Soil Dermal Quant

Ingestion Quant

Inhalation Quant

Surface/ 
Subsurface Soil

Indoor Air Inhalation Quant
Future residents may inhale radon or thoron (2) in their residence. 

Air Air
External 

Radiation
Quant

Residents may be exposed to ionizing radiation while at their 
residence or in the neighborhood.

Homegrown 
Produce

Homegrown 
Produce

Ingestion Quant

Residents may be exposed to radionuclides via ingestion of 
homegrown produce, assuming fruits and vegetables are grown in 
contaminated soil. This pathway is evaluated quantitatively 
although it is unlikely residents could grow a substantial portion of 
their diet in gardens in this densely populated urban area. 

Interior Building 
Surfaces

Air Indoor Air 
External 

Radiation
Qual

Residents may be exposed to ionizing radiation from building 
materials assuming residents utilize current construction. 

Outdoor Hard 
Surfaces 

Air Air
External 

Radiation
Qual

Residents may be exposed to ionizing radiation from outdoor hard 
surfaces while at home or in the neighborhood. Surfaces include 
sidewalks, streets, buildings.

Groundwater Groundwater Tap water Dermal Quant

Ingestion Quant

Inhalation Quant

Indoor Air Inhalation Qual

Residents may be exposed to contaminants in indoor air via vapor 
intrusion pathway from groundwater. Maximum  detected 
concentrations of volatile organic chemicals are screened against 
the EPA Vapor Intrusion Screening Levels in the risk assessment.

Future Resident

Residents who use groundwater for domestic purposes may ingest 
and contact contaminants in groundwater. Residents may also 
inhale volatiles during groundwater use (e.g., bathing, showering). 
However, future use of shallow groundwater as drinking water is 
unlikely in this area.

If the site is redeveloped for noncommercial/industrial purposes 
future residents may come into contact with contaminants in 
surface soil and/or inhale fugitive dust and volatile chemicals 
and/or radionuclides while at their residence.  Exposure to 
residents can generally be assumed to be protective of other 
receptors (e.g., trespassers).

 Soil

Adult and Child 
(birth to <6 yrs)
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Scenario 
Timeframe

Receptor 
Population

Receptor (Age) Medium
Exposure 

Medium (1) Exposure Point
Exposure 

Route
Type of 
Analysis

Rationale for Selection or Exclusion of Exposure Pathway

TABLE B-1
SELECTION OF EXPOSURE PATHWAYS

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Dermal NE

Ingestion NE
Particulates in 
Ambient Air

Inhalation NE

Surface/ 
Subsurface Soil

External 
Radiation

Quant Indoor workers may be exposed to ionizing radiation while at work

Indoor Air Inhalation Quant
Indoor workers may inhale radon and thoron (2) while at work

Outdoor Hard 
Surfaces 

Air Air
External 

Radiation
Qual

Commercial workers may be exposed to ionizing radiation from 
outdoor hard surfaces while at work.

Interior Building 
Surfaces

Air Indoor Air 
External 

Radiation
Qual

Indoor workers  may be exposed to ionizing radiation from building 
materials while at work 

Dermal Quant

Ingestion Quant

Inhalation Quant

Indoor Air Indoor Air Inhalation Qual

Commercial Indoor Workers may be exposed to contaminants in 
indoor air via vapor intrusion pathway from groundwater. 
Groundwater concentrations are screened against the EPA Vapor 
Intrusion Screening Levels in the risk assessment.

Commercial indoor workers are not expected to spend a significant 
time outdoors; therefore, these pathways considered insignificant 
and not evaluated. 

Future
Commercial 

Indoor Worker
Adult

Soil

Surface/ 
Subsurface Soil

Surface Soil
Surface Soil 

Groundwater Tap water

Workers who use groundwater for drinking water may ingest 
contaminants in groundwater. Workers may also contact  
contaminants and inhale volatiles during hand washing.

Groundwater
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Scenario 
Timeframe

Receptor 
Population

Receptor (Age) Medium
Exposure 

Medium (1) Exposure Point
Exposure 

Route
Type of 
Analysis

Rationale for Selection or Exclusion of Exposure Pathway

TABLE B-1
SELECTION OF EXPOSURE PATHWAYS

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Dermal Quant
Ingestion Quant

Inhalation Quant

Surface/ 
Subsurface Soil

External 
Radiation

Quant Workers may be exposed to ionizing radiation while at work

Indoor Air Inhalation Quant
Workers may inhale radon and thoron (2) while indoors at work

Outdoor Hard 
Surfaces 

Air Air
External 

Radiation
Qual

Industrial workers may be exposed to ionizing radiation from 
outdoor hard surfaces (e.g., sidewalks, roadways, building 
surfaces) while at work. 

Interior Building 
Surfaces

Air Indoor Air 
External 

Radiation
Qual

Industrial workers may be exposed to ionizing radiation from 
interior building materials while at work.

Groundwater Indoor Air Indoor Air Inhalation Qual

Industrial Workers may be exposed to contaminants in indoor air 
via vapor intrusion pathway from groundwater. Groundwater 
concentrations are screened against the EPA Vapor Intrusion 
Screening Levels in the risk assessment.

Dermal Quant

Ingestion Quant

Inhalation Quant

Air Air
External 

Radiation
Qual

Utility workers may be exposed to ionizing radiation while at work. 

Groundwater Groundwater Groundwater

Direct Contact 
and Inhalation 

of VOCs in 
Trench

NE

Due to the depth to groundwater, construction/utility workers are 
not expected to contact groundwater or inhale volatile organic 
compounds (VOCs) while working in a trench.

Ingestion Quant

External 
Radiation

Quant

Inhalation Quant Inhalation of ambient air

Dermal NE Dermal contact to radionuclides is not evaluated

Surface/ 
Subsurface Soil

Surface/ 
Subsurface Soil

Sediment Sediment (3) Sediment in 
Sewers

 Soil

 Soil

Future
Industrial 
Worker

Adult

Future
Construction / 
Utility Worker

Adult

Surface/ 
Subsurface Soil

Utility workers or construction workers may be exposed to 
radionuclides present in sewer sediment. Workers may be 
exposed to ionizing radiation while at work, and incidentally ingest 
sediment. 

Future utility/construction workers may come into contact with 
contaminants in surface soil and subsurface soil and/or inhale 
fugitive dust and volatile chemicals during various activities at 
work. 

If the site is redeveloped for future industrial purposes, future 
industrial workers may come into contact with contaminants in 
surface soil and/or inhale fugitive dust and volatile chemicals 
and/or radionuclides while at work. 

Surface Soil Surface Soil
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Scenario 
Timeframe

Receptor 
Population

Receptor (Age) Medium
Exposure 

Medium (1) Exposure Point
Exposure 

Route
Type of 
Analysis

Rationale for Selection or Exclusion of Exposure Pathway

TABLE B-1
SELECTION OF EXPOSURE PATHWAYS

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Dermal Qual

Ingestion Qual

Inhalation Qual

Surface/ 
Subsurface Soil

External 
Radiation

Qual

Dermal Qual

Ingestion Qual

Inhalation Qual

External 
Radiation

Qual
The public may be exposed to ionizing radiation while at the site or 
in the vicinity of the site. 

Outdoor Hard 
Surfaces 

Air Air
External 

Radiation
Qual

The general public may be exposed to ionizing radiation while in 
the neighborhood. Due to the uncertainty associated with 
exposure times, these receptors are evaluated qualitatively. 
Surfaces include sidewalks, streets, buildings

Interior Building 
Surfaces

Air Indoor Air 
External 

Radiation
Qual

The general public may be exposed to ionizing radiation when at 
onsite businesses. Due to the uncertainty associated with 
exposure times, these receptors are evaluated qualitatively.

Surface/ 
Subsurface Soil

Surface/ 
Subsurface Soil

External 
Radiation

Qual
Nearby residents and workers may be exposed to ionizing 
radiation 

Air Indoor Air Inhalation Qual Nearby residents and workers may inhale radon or thoron (2)

Outdoor Hard 
Surfaces 

Air Air
External 

Radiation
Qual

Nearby offsite receptors (residents and workers) may be exposed 
to ionizing radiation.

Surface/ 
Subsurface Soil

Surface/ 
Subsurface Soil

External 
Radiation

Qual
School children may be exposed to ionizing radiation while 
attending school near the site; however, exposure is likely at 
background levels.

Air Indoor Air Inhalation Qual
School children may be inhale radon or thoron  (2) while at school 
near the site

If the site is redeveloped exposing soil, the public may come into 
contact with contaminants in surface soil and/or inhale fugitive dust 
and volatile chemicals while at the site; these pathways are 
evaluated qualitatively. The general public includes people who 
may pass through the site on a frequent basis (e.g. pedestrians, 
bicyclists, commuters, etc.) or live or work near the site.

Future Public Adult/Child

Soil Surface/ 
Subsurface Soil

Surface/ 
Subsurface Soil

Future
Off Property 
Receptors

Adult/Child
 Soil

Offsite School 
Children

Soil

Future  Soil

Trespassing is not expected to occur on a frequent basis; 
therefore; possible exposure to site contaminants while 
trespassing is considered insignificant. However, exposures to 
trespassers are evaluated qualitatively by comparison to onsite 
industrial workers.   SoilTrespasser Adult/Child

Surface Soil
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Scenario 
Timeframe

Receptor 
Population

Receptor (Age) Medium
Exposure 

Medium (1) Exposure Point
Exposure 

Route
Type of 
Analysis

Rationale for Selection or Exclusion of Exposure Pathway

TABLE B-1
SELECTION OF EXPOSURE PATHWAYS

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Notes:

 (2) Concentrations of daughter products from primary radionuclides are estimated in RESRAD .
(3) Surface water and sediment in Newtown Creek are not media of concern for human receptors. 

Quant = Quantitative risk analysis performed

Qual = Qualitative risk analysis performed

NE = Not evaluated

 (1) Detections in medium of concern are presented in Appendix B for surface soil (Table B-2.1a and B-2.1b), subsurface soil (Table B-2.2),  groundwater (Table B-2.3), and sewer sediment (Table B-
2.4), and building materials (Table B-2.5). Radionuclides detected  from 0 to 10 feet below ground surface are presented in (Table B-2.1d). 
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Scenario Timeframe:  Future

Medium:  Site Soil

Exposure Medium:  Surface Soil (0-2 ft bgs)

Surface Soil Volatile Organic Compounds

78-93-3 2-Butanone 8.3 J 8.3 J µg/kg SB-02 1 / 19 8 - 15 8.3 NA 2700000 n 100000 SCO(4) No BSL

67-64-1 Acetone 21 J 93 µg/kg
SB-13
SB-21

7 / 19 16 - 30 93 NA 6100000 n 100000 SCO(4) No BSL

67-66-3 Chloroform 13 35 µg/kg SB-08 2 / 19 4 - 7.5 35 NA 320 c* 10000 SCO(4) No BSL

127-18-4 Tetrachloroethene 20 J 20 J µg/kg SB-06 1 / 19 4 - 7.5 20 NA 8100 n 5500 SCO(4) No BSL

108-88-3 Toluene 1.8 J 1.8 J µg/kg SB-13 1 / 19 4 - 7.5 1.8 ND 490000 n 100000 SCO(4) No BSL
Semi-volatile Organic Compounds                  

 92-52-4 1,1'-Biphenyl 470 470 µg/kg SB-31 1 / 19 35 - 410 470 NA 4700 n NL SCO(4) No BSL

91-57-6 2-Methylnaphthalene 12 1600 µg/kg SB-31 3 / 19 7.1 - 83 1600 ND 24000 n NL SCO(4) No BSL

83-32-9 Acenaphthene 3.4 J 3300 µg/kg SB-31 10 / 19 7.1 - 83 3300 ND 360000 n 100000 SCO(4) No BSL

208-96-8 Acenaphthylene 4.6 J 760 µg/kg SB-31 10 / 19 7.1 - 83 760 ND 360000 n(5) 100000 SCO(4) No BSL

120-12-7 Anthracene 15 8600 µg/kg SB-31 16 / 19 7.1 - 760 8600 ND 1800000 n 100000 SCO(4) No BSL

100-52-7 Benzaldehyde 1300 1300 µg/kg SB-08 1 / 19 35 - 410 1300 NA 170000 c** NL SCO(4) No BSL

56-55-3 Benzo(a)anthracene 7.4 13000 µg/kg SB-31 19 / 19 7.1 - 760 13000 49 160 c 1000 SCO(4) Yes ASL

50-32-8 Benzo(a)pyrene 9 J 10000 J µg/kg SB-31 19 / 19 7.1 - 760 10000 53 16 c 1000 SCO(4) Yes ASL

205-99-2 Benzo(b)fluoranthene 11 12000 µg/kg SB-31 19 / 19 7.1 - 760 12000 63 160 c 1000 SCO(4) Yes ASL

191-24-2 Benzo(g,h,i)perylene 7 J 2900 µg/kg SB-31 19 / 19 7.1 - 83 2900 33 180000 n(6) 100000 SCO(4) No BSL

207-08-9 Benzo(k)fluoranthene 7.1 J 6500 J µg/kg SB-31 18 / 19 7.1 - 83 6500 36 1600 c 1000 SCO(4) Yes ASL

117-81-7 Bis(2-Ethylhexyl)Phthalate 14 J 910 J µg/kg SB-31 10 / 19 35 - 410 910 ND 39000 c** NL SCO(4) No BSL

85-68-7 Butylbenzylphthalate 49 J 56 J µg/kg SB-19 2 / 19 71 - 830 56 ND 290000 c** NL SCO(4) No BSL

86-74-8 Carbazole 17 J 1900 µg/kg SB-31 4 / 19 35 - 410 1900 ND NA  NL SCO(4) No NTX

218-01-9 Chrysene 11 14000 µg/kg SB-31 19 / 19 7.1 - 760 14000 68 16000 c 1000 SCO(4) No BSL

132-64-9 Dibenzofuran 33 J 2000 µg/kg SB-31 3 / 19 35 - 410 2000 ND 7300 n 14000 SCO(4) No BSL

84-74-2 Di-N-Butylphthalate 21 J 21 J µg/kg SB-01 1 / 19 35 - 410 21 ND 630000 n NL SCO(4) No BSL

117-84-0 Di-N-Octylphthalate 44 J 44 J µg/kg SB-01 1 / 19 71 - 830 44 ND 63000 n NL SCO(4) No BSL

206-44-0 Fluoranthene 20 27000 µg/kg SB-31 19 / 19 7.1 - 760 27000 77 240000 n 100000 SCO(4) No BSL

86-73-7 Fluorene 4.1 J 5600 µg/kg SB-31 9 / 19 7.1 - 83 5600 ND 240000 n 100000 SCO(4) No BSL

193-39-5 Indeno(1,2,3-cd)pyrene 5.4 J 2900 µg/kg SB-31 19 / 19 7.1 - 83 2900 45 160 c 500 SCO(4) Yes ASL

91-20-3 Naphthalene 3.2 J 1300 µg/kg SB-31 6 / 19 7.1 - 83 1300 ND 3800 c** 100000 SCO(4) No BSL

85-01-8 Phenanthrene 29 37000 µg/kg SB-31 19 / 19 7.1 - 760 37000 36 180000 n(6) 100000 SCO(4) No BSL

129-00-0 Pyrene 26 27000 µg/kg SB-31 19 / 19 7.1 - 760 27000 110 180000 n 100000 SCO(4) No BSL
Pesticides/Polychlorinated Biphenyls                  

 50-29-3 4,4'-DDT 0.39 J 6800 J+ µg/kg SB-45 9 / 19 1 - 1100 6800 ND 1900 c** 1700 SCO(4) Yes ASL

5103-71-9 Alpha-Chlordane 27 J+ 27 J+ µg/kg SB-31 1 / 19 1 - 1100 27 ND 1600 c(7) 910 SCO(4) No BSL

11096-82-5 Aroclor 1260 3.6 J 100000 J+ µg/kg SB-45 16 / 19 10 - 5500 100000 ND 240 c NL SCO(4) Yes ASL

319-86-8 Delta-BHC 4.2 J 4.2 J µg/kg SB-08 1 / 19 1 - 1100 4.2 NA 300 c(8) 100000 SCO(4) No BSL

60-57-1 Dieldrin 40 800 J µg/kg SB-45 2 / 19 1 - 1100 800 ND 34 c** 39 SCO(4) Yes ASL

1031-07-8 Endosulfan Sulfate 6.1 J 1600 J µg/kg SB-45 3 / 19 1 - 1100 1600 ND NA  4800 SCO(4) No NTX

72-20-8 Endrin 0.79 J 34 J+ µg/kg SB-26 3 / 19 1 - 1100 34 ND 1900 n 2200 SCO(4) No BSL

7421-93-4 Endrin Aldehyde 5.1 J 8.8 J µg/kg SB-44 3 / 19 1 - 1100 8.8 NA NA  NL SCO(4) No NTX

53494-70-5 Endrin Ketone 8.1 J 51 J µg/kg SB-26 3 / 19 1 - 1100 51 NA NA  NL SCO(4) No NTX

5103-74-2 Gamma-Chlordane 0.27 J 4.1 J µg/kg SB-35 2 / 19 1 - 1100 4.1 ND 1700 c(9) NL SCO(4) No BSL

76-44-8 Heptachlor 9.2 J+ 9.2 J+ µg/kg SB-31 1 / 19 1 - 1100 9.2 NA 130 c* 420 SCO(4) No BSL

Range of 
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Scenario Timeframe:  Future

Medium:  Site Soil

Exposure Medium:  Surface Soil (0-2 ft bgs)

Range of 
Reporting Limit

Concentration 
Used for 

Screening (1)

Background 
Value

Screening 
Toxicity Value 

(n/c) (2)

TABLE B-2.1a

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure 
Point

CAS No. Chemical
Minimum 

Concentration 
(Qualifier)

Maximum 
Concentration

(Qualifier)
Unit

Potential 
ARAR/TBC 

Value

Potential 
ARAR/TBC 

Source

COPC 
Flag

(Yes/No)

Rationale 
for Selection 
or Deletion 

(3)

Location of Maximum 
Concentration

Detection 
Frequency

Surface Soil 72-43-5 Methoxychlor 0.74 J 490 J+ µg/kg SB-31 13 / 19 4.1 - 4400 490 NA 32000 n NL SCO(4) No BSL

Inorganics                  
 7429-90-5 Aluminum 1300 J 12000 J mg/kg SB-44 19 / 19 20 - 230 12000 31500 7700 n NL SCO(4) Yes ASL

7440-38-2 Arsenic 2.2 J 31 mg/kg SB-07 19 / 19 0.75 - 8.5 31 8.6 0.68 c**R 16 SCO(4) Yes ASL

7440-39-3 Barium 37 J 760 J mg/kg SB-31 19 / 19 1.3 - 15 760 82.8 1500 n 350 SCO(4) No BSL

7440-41-7 Beryllium 0.1 J 0.41 mg/kg SB-19 12 / 19 0.25 - 2.8 0.41 ND 16 n 14 SCO(4) No BSL

7440-43-9 Cadmium 0.049 J 1.2 J mg/kg SB-26 18 / 19 0.25 - 2.8 1.2 ND 7.1 n 2.5 SCO(4) No BSL

7440-70-2 Calcium 950 63000 mg/kg SB-44 19 / 19 250 - 2800 63000 11800 NA  NL SCO(4) No NUT

7440-47-3 Chromium 8.9 22 mg/kg SB-26 19 / 19 0.5 - 5.7 22 23.7 0.3 c(10) NL SCO(4) Yes ASL

7440-48-4 Cobalt 1.4 J 7.1 J mg/kg SB-29 19 / 19 1.3 - 15 7.1 12.9 2.3 n NL SCO(4) Yes ASL

7440-50-8 Copper 15 J- 260 mg/kg SB-26 19 / 19 0.5 - 5.7 260 28.8 310 n 270 SCO(4) No BSL

7439-89-6 Iron 1300 26000 J mg/kg SB-26 19 / 19 5 - 57 26000 40500 5500 n NL SCO(4) Yes ASL

7439-92-1 Lead 14 J 510 J mg/kg SB-44 19 / 19 0.5 - 5.7 510 32 400 L (11) 400 SCO(4) Yes ASL

7439-95-4 Magnesium 250 J 5600 mg/kg Sb-06 19 / 19 250 - 2800 5600 8230 NA  NL SCO(4) No NUT

7439-96-5 Manganese 17 J 390 mg/kg SB-21 19 / 19 0.75 - 8.5 390 470 180 n 2000 SCO(4) Yes ASL

7439-97-6 Mercury 0.014 J 110 J+ mg/kg SB-45 19 / 19 0.083 - 8.5 110 0.045 1.1 n 0.81 SCO(4) Yes ASL

7440-02-0 Nickel 4.4 21 mg/kg SB-26 18 / 19 2 - 23 21 18.1 150 n 140 SCO(4) No BSL

7440-09-7 Potassium 440 4000 J+ mg/kg SB-29 19 / 19 250 - 2800 4000 1110 NA  NL SCO(4) No NUT

7782-49-2 Selenium 0.5 J 1100 mg/kg SB-26 13 / 19 1 - 11 1100 ND 39 n 36 SCO(4) Yes ASL

7440-23-5 Sodium 85 J 1200 mg/kg SB-44 18 / 19 250 - 2800 1200 ND NA  NL SCO(4) No NUT

7440-62-2 Vanadium 5.2 J 47 mg/kg SB-26 19 / 19 2.5 - 28 47 40.9 39 n NL SCO(4) Yes ASL

7440-66-6 Zinc 31 J+ 550 J- mg/kg SB-44 19 / 19 2.5 - 28 550 78 2300 n 2200 SCO(4) No BSL

(1) Maximum detected concentration used for screening. NA = not available
(2) Screened against Regional Screening Levels, May 2016, for residential soil, adjusted to a cancer risk of 1×10 -6 and ND = not detected

hazard quotient of 0.1. http://www.epa.gov/region09/waste/sfund/prg/index.html NL = not listed
(3) Rationale Codes:    n = screening toxicity value based on noncancer effects

Selection  Reason: ASL = above screening level c = screening toxicity value based on cancer effects

Deletion Reason: BSL = below screening level s = concentration may exceed saturation concentration 

NUT = essential nutrient SCO = soil cleanup objectiue

NTX = no toxicity information available COPC = chemical of potential concern
(4) Potential ARAR/TBC value from New York State Department of Environmental Conservation ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered

NYSDEC Subpart 375-6: Table 375-6.8(b): Restricted Use Soil Cleanup Objectives, ft bgs = feet below ground surface

http://www.dec.ny.gov/docs/remediation_hudson_pdf/part375.pdf. December 14, 2006. J = qualifier for estimated value
(5) screening value for acenaphthene J- = qualifier for estimated value biased low
(6) screening value for pyrene J+ = qualifier for estimated value biased high
(7) screening value for chlordane JN = qualifier for tentatively identified and estimated value
(8) screening value for hexachlorocyclohexane, technical R = relative bioavailability factor applied
(9) screening value for chlordane µg/kg = micrograms per kilogram

(10) screening value for chromium VI mg/kg = milligrams per kilogram
(11) Screening value is based on OSWER screening value for residential soil. Lead is further screened in Table 3-2. 4,4'-DDT = p,p'-dichlorodiphenyltrichloroethane
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Scenario Timeframe:  Current/Future

Medium:  Site Soil

Exposure Medium:  Surface Soil (0-2 ft bgs)

Surface Soil
EPA 901.1 13966-00-2 Potassium-40 7.45 29.62 J pCi/g SB-50 37 / 37 0.29 - 4.94 29.62 0.040 Yes ASL

13982-63-3 Radium-226 0.59 57.11 pCi/g SB-44 37 / 37 0.29 - 4.94 57.11 0.919 0.012 Yes ASL
7440-29-1 Thorium-232 0.66 J 221.80 pCi/g SB-07 37 / 37 0.29 - 4.94 221.80 1.22 0.048 Yes ASL

HASL 300, 14274-82-9 Thorium-228 0.94 88.53 pCi/g SB-50 13 / 13 0.29 - 4.94 88.53 0.410 Yes ASL
4.5.2 14269-63-7 Thorium-230 0.58 J 10.12 pCi/g SB-50 13 / 13 0.29 - 4.94 10.12 0.054 Yes ASL

7440-29-1 Thorium-232 0.80 83.56 pCi/g SB-50 13 / 13 0.29 - 4.94 83.56 0.048 Yes ASL
13966-29-5 Uranium-234 0.13 2.95 pCi/g SB-50 13 / 13 0.29 - 4.94 2.95 0.066 Yes ASL
15117-96-1 Uranium-235 0.07 0.14 pCi/g SB-50 3 / 13 0.29 - 4.94 0.14 0.051 Yes ASL
7440-61-1 Uranium-238 0.13 2.96 pCi/g SB-50 13 / 13 0.29 - 4.94 2.96 0.073 Yes ASL

ISCOS 13966-00-2 Potassium-40 8.82 18.45 pCi/g SB-45 47 / 47 0.29 - 6.44 18.45 0.040 Yes ASL
13982-63-3 Radium-226 0.45 62.83 pCi/g SB-44 47 / 47 0.29 - 6.44 62.83 0.919 0.012 Yes ASL
7440-29-1 Thorium-232 0.60 261.20 pCi/g SB-07 47 / 47 0.29 - 6.44 261.20 1.22 0.048 Yes ASL
7440-61-1 Uranium-238 1.05 J 9.01 J pCi/g SB-51 7 / 47 0.29 - 6.44 9.01 0.073 Yes ASL

(1) Daughter products from primary radionuclides of concern are evaluated in RESRAD (including radon and thoron). NA = not available J = qualifier for estimated value
(2) Maximum detected concentration used for screening. ND = not detected J- = qualifier for estimated value biased low
(3) Screened against EPA PRGs for Resident NL = not listed JN = qualifier for tentatively identified and estimated value
(4) Rationale Codes:    ft bgs = feet below ground surface pCi/g = picocuries per gram

Selection  Reason: ASL = above screening level ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered

Deletion Reason: BSL = below screening level

IFD = infrequently detected

TABLE B-2.1b

OCCURRENCE, DISTRIBUTION, AND SELECTION OF RADIONUCLIDES OF POTENTIAL CONCERN 

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York
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Scenario Timeframe:  Future

Medium:  Site Soil

Exposure Medium:  Soil (0-10 ft bgs)

 Soil Volatile Organic Compounds
78-93-3 2-Butanone 8.3 J 8.3 J µg/kg SB-02 1 / 30 8 - 4400 8.3 NA 2700000 n 100000 SCO(4) No IFD

67-64-1 Acetone 21 J 93 µg/kg SB-13/SB-21 9 / 30 16 - 8800 93 NA 6100000 n 100000 SCO(4) No BSL

67-66-3 Chloroform 13 35 µg/kg SB-08 2 / 30 4 - 2200 35 NA 320 c* 10000 SCO(4) No BSL

110-82-7 Cyclohexane 2500 2500 µg/kg SB-32 1 / 30 4 - 2200 2500 NA 650000 ns NL SCO(4) No IFD

100-41-4 Ethylbenzene 5300 5300 µg/kg SB-32 1 / 30 4 - 2200 5300 NA 5800 c* 30000 SCO(4) No IFD

98-82-8 Isopropylbenzene 1600 J 1600 J µg/kg SB-32 1 / 30 4 - 2200 1600 NA 190000 n NL SCO(4) No IFD

179601-23-1 m,p-Xylene 8000 8000 µg/kg SB-32 1 / 30 4 - 2200 8000 NA NA  NL SCO(4) No NTX

108-87-2 Methylcyclohexane 7400 J 7400 J µg/kg SB-32 1 / 30 4 - 2200 7400 NA NA  NL SCO(4) No NTX

95-47-6 o-Xylene 4600 4600 µg/kg SB-32 1 / 30 4 - 2200 4600 NA 65000 n 100000 SCO(4) No IFD

127-18-4 Tetrachloroethene 20 J 20 J µg/kg SB-06 1 / 30 4 - 2200 20 NA 8100 n 5500 SCO(4) No IFD

108-88-3 Toluene 1.8 J 1.8 J µg/kg SB-13 1 / 30 4 - 2200 1.8 ND 490000 n 100000 SCO(4) No IFD
Semi-volatile Organic Compounds       

 92-52-4 1,1'-Biphenyl 470 13000 µg/kg SB-32 2 / 30 34 - 9200 13000 NA 4700 n NL SCO(4) Yes ASL

91-57-6 2-Methylnaphthalene 12 190000 µg/kg SB-32 4 / 30 6.9 - 1900 190000 ND 24000 n NL SCO(4) Yes ASL

83-32-9 Acenaphthene 3.4 J 10000 µg/kg SB-32 11 / 30 6.9 - 1900 10000 ND 360000 n 100000 SCO(4) No BSL

208-96-8 Acenaphthylene 4.6 J 760 µg/kg SB-31 10 / 30 6.9 - 1900 760 ND NA n(5) 100000 SCO(4) No NTX

120-12-7 Anthracene 15 11000 µg/kg SB-32 17 / 30 6.9 - 1900 11000 ND 1800000 n 100000 SCO(4) No BSL

100-52-7 Benzaldehyde 1300 1300 µg/kg SB-08 1 / 30 34 - 9200 1300 NA 170000 c** NL SCO(4) No IFD

56-55-3 Benzo(a)anthracene 7.4 13000 µg/kg SB-31 20 / 30 6.9 - 1900 13000 49 160 c 1000 SCO(4) Yes ASL

50-32-8 Benzo(a)pyrene 9 J 10000 J µg/kg SB-31 20 / 30 6.9 - 1900 10000 53 16 c 1000 SCO(4) Yes ASL

205-99-2 Benzo(b)fluoranthene 11 12000 µg/kg SB-31 20 / 30 6.9 - 1900 12000 63 160 c 1000 SCO(4) Yes ASL

191-24-2 Benzo(g,h,i)perylene 7 J 2900 µg/kg SB-31 20 / 30 6.9 - 1900 2900 33 180000 n(6) 100000 SCO(4) No BSL

207-08-9 Benzo(k)fluoranthene 7.1 J 6500 J µg/kg SB-31 18 / 30 6.9 - 1900 6500 36 1600 c 1000 SCO(4) Yes ASL

117-81-7 Bis(2-Ethylhexyl)Phthalate 14 J 41000 µg/kg SB-32 14 / 30 34 - 9200 41000 ND 39000 c** NL SCO(4) Yes ASL

85-68-7 Butylbenzylphthalate 49 J 56 J µg/kg SB-19 2 / 30 69 - 19000 56 ND 290000 c** NL SCO(4) No BSL

86-74-8 Carbazole 17 J 1900 µg/kg SB-31 4 / 30 34 - 9200 1900 ND NA  NL SCO(4) No NTX
218-01-9 Chrysene 11 14000 µg/kg SB-31 20 / 30 6.9 - 1900 14000 68 16000 c 1000 SCO(4) No BSL

53-70-3 Dibenzo(a,h)anthracene 700 J 700 J µg/kg SB-32 1 / 30 6.9 - 1900 700 ND 16 c 330 SCO(4) No IFD

132-64-9 Dibenzofuran 33 J 4900 J µg/kg SB-32 4 / 30 34 - 9200 4900 ND 7300 n 14000 SCO(4) No BSL

84-74-2 Di-N-Butylphthalate 21 J 21 J µg/kg SB-01 1 / 30 34 - 9200 21 ND 630000 n NL SCO(4) No IFD

117-84-0 Di-N-Octylphthalate 44 J 44 J µg/kg SB-01 1 / 30 69 - 19000 44 ND 63000 n NL SCO(4) No IFD

206-44-0 Fluoranthene 20 27000 µg/kg SB-31 20 / 30 6.9 - 1900 27000 77 240000 n 100000 SCO(4) No BSL

86-73-7 Fluorene 4.1 J 14000 µg/kg SB-32 10 / 30 6.9 - 1900 14000 ND 240000 n 100000 SCO(4) No BSL

193-39-5 Indeno(1,2,3-cd)pyrene 5.4 J 2900 µg/kg SB-31 20 / 30 6.9 - 1900 2900 45 160 c 500 SCO(4) Yes ASL

91-20-3 Naphthalene 3.2 J 63000 µg/kg SB-32 7 / 30 6.9 - 1900 63000 ND 3800 c** 100000 SCO(4) Yes ASL

85-01-8 Phenanthrene 29 46000 µg/kg SB-32 20 / 30 6.9 - 1900 46000 36 180000 n(6) 100000 SCO(4) No BSL

129-00-0 Pyrene 26 27000 µg/kg SB-31 20 / 30 6.9 - 1900 27000 110 180000 n 100000 SCO(4) No BSL

COPC 
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Scenario Timeframe:  Future

Medium:  Site Soil

Exposure Medium:  Soil (0-10 ft bgs)

COPC 
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(Yes/No)

Rationale for 
Selection or 

Deletion (3)
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Concentration

Detection 
Frequency
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Reporting Limit
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Screening (1)
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Value

Screening 
Toxicity Value 

(n/c) (2)

TABLE B-2.1c

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure 
Point

CAS No. Chemical
Minimum 

Concentration 
(Qualifier)

Maximum 
Concentration

(Qualifier)
Unit

Potential 
ARAR/TBC 

Value

Potential 
ARAR/TBC 

Source

Soil Pesticides/Polychlorinated Biphenyls                  
50-29-3 4,4'-DDT 0.17 J 6800 J+ µg/kg SB-45 10 / 30 0.97 - 1100 6800 ND 1900 c** 1700 SCO(4) Yes ASL

319-84-6 Alpha-BHC 0.36 J 0.36 J µg/kg SB-11 1 / 30 0.97 - 1100 0.36 NA 86 c 97 SCO(4) No IFD

5103-71-9 Alpha-Chlordane 27 J+ 27 J+ µg/kg SB-31 1 / 30 0.97 - 1100 27 ND 1600 c(7) 910 SCO(4) No IFD

11096-82-5 Aroclor 1260 3.6 J 100000 J+ µg/kg SB-45 18 / 30 9.7 - 5500 100000 ND 240 c NL SCO(4) Yes ASL

319-86-8 Delta-BHC 4.2 J 4.2 J µg/kg SB-08 1 / 30 0.97 - 1100 4.2 NA 300 c(8) 100000 SCO(4) No IFD

60-57-1 Dieldrin 40 800 J µg/kg SB-45 2 / 30 0.97 - 1100 800 ND 34 c** 39 SCO(4) Yes ASL

1031-07-8 Endosulfan Sulfate 6.1 J 1600 J µg/kg SB-45 3 / 30 0.97 - 1100 1600 ND NA  4800 SCO(4) No NTX

72-20-8 Endrin 0.79 J 34 J+ µg/kg SB-26 3 / 30 0.97 - 1100 34 ND 1900 n 2200 SCO(4) No BSL

7421-93-4 Endrin Aldehyde 5.1 J 8.8 J µg/kg SB-44 3 / 30 0.97 - 1100 8.8 NA NA  NL SCO(4) No NTX

53494-70-5 Endrin Ketone 8.1 J 51 J µg/kg SB-26 3 / 30 0.97 - 1100 51 NA NA  NL SCO(4) No NTX

5103-74-2 Gamma-Chlordane 0.27 J 4.1 J µg/kg SB-35 2 / 30 0.97 - 1100 4.1 ND 1700 c(9) NL SCO(4) No BSL

76-44-8 Heptachlor 9.2 J+ 9.2 J+ µg/kg SB-31 1 / 30 0.97 - 1100 9.2 NA 130 c* 420 SCO(4) No IFD

72-43-5 Methoxychlor 0.74 J 490 J+ µg/kg SB-31 13 / 30 3.9 - 4400 490 NA 32000 n NL SCO(4) No BSL
Inorganics       

 7429-90-5 Aluminum 1300 J 17000 J mg/kg SB-21 30 / 30 20 - 230 17000 31500 7700 n NL SCO(4) Yes ASL

7440-38-2 Arsenic 1 J 31 mg/kg SB-07 29 / 30 0.74 - 8.5 31 8.6 0.68 c**R 16 SCO(4) Yes ASL

7440-39-3 Barium 21 760 J mg/kg SB-07 30 / 30 1.3 - 15 760 82.8 1500 n 350 SCO(4) No BSL

7440-41-7 Beryllium 0.062 J 0.41 mg/kg SB-19 21 / 30 0.25 - 2.8 0.41 ND 16 n 14 SCO(4) No BSL
7440-43-9 Cadmium 0.025 J 1.2 J mg/kg SB-26 25 / 30 0.25 - 2.8 1.2 ND 7.1 n 2.5 SCO(4) No BSL

7440-70-2 Calcium 640 J 63000 mg/kg SB-44 30 / 30 250 - 2800 63000 11800 NA  NL SCO(4) No NUT

7440-47-3 Chromium 8.9 24 J mg/kg SB-21/SB-32/SB-33 30 / 30 0.49 - 5.7 24 23.7 0.3 c(10) NL SCO(4) Yes ASL

7440-48-4 Cobalt 1.4 J 7.1 J mg/kg SB-05 30 / 30 1.3 - 15 7.1 12.9 2.3 n NL SCO(4) Yes ASL

7440-50-8 Copper 8.5 260 mg/kg SB-08 30 / 30 0.49 - 5.7 260 28.8 310 n 270 SCO(4) No BSL

7439-89-6 Iron 1300 26000 J mg/kg SB-05 30 / 30 4.9 - 57 26000 40500 5500 n NL SCO(4) Yes ASL

7439-92-1 Lead 2.2 J 510 J mg/kg SB-08 30 / 30 0.49 - 5.7 510 32 400 L (11) 400 SCO(4) Yes ASL

7439-95-4 Magnesium 250 J 5600 mg/kg SB-06 30 / 30 250 - 2800 5600 8230 NA  NL SCO(4) No NUT

7439-96-5 Manganese 17 J 400 J- mg/kg SB-32 30 / 30 0.74 - 8.5 400 470 180 n 2000 SCO(4) Yes ASL

7439-97-6 Mercury 0.0088 J 110 J+ mg/kg SB-45 21 / 30 0.081 - 8.5 110 0.045 1.1 n 0.81 SCO(4) Yes ASL

7440-02-0 Nickel 4.4 21 mg/kg SB-26 29 / 30 2 - 23 21 18.1 150 n 140 SCO(4) No BSL

7440-09-7 Potassium 440 4000 J+ mg/kg SB-29 30 / 30 250 - 2800 4000 1110 NA  NL SCO(4) No NUT

7782-49-2 Selenium 0.5 J 1100 mg/kg SB-08 14 / 30 0.99 - 11 1100 ND 39 n 36 SCO(4) Yes ASL

7440-23-5 Sodium 49 J 1200 mg/kg SB-44 29 / 30 250 - 2800 1200 ND NA  NL SCO(4) No NUT
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Scenario Timeframe:  Future

Medium:  Site Soil

Exposure Medium:  Soil (0-10 ft bgs)

COPC 
Flag

(Yes/No)

Rationale for 
Selection or 

Deletion (3)

Location of Maximum 
Concentration

Detection 
Frequency

Range of 
Reporting Limit

Concentration 
Used for 

Screening (1)

Background 
Value

Screening 
Toxicity Value 

(n/c) (2)

TABLE B-2.1c

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure 
Point

CAS No. Chemical
Minimum 

Concentration 
(Qualifier)

Maximum 
Concentration

(Qualifier)
Unit

Potential 
ARAR/TBC 

Value

Potential 
ARAR/TBC 

Source

Soil 7440-62-2 Vanadium 5.2 J 47 mg/kg SB-26 30 / 30 2.5 - 28 47 40.9 39 n NL SCO(4) Yes ASL

7440-66-6 Zinc 15 550 J- mg/kg SB-44 30 / 30 2.5 - 28 550 78 2300 n 2200 SCO(4) No BSL

(1) Maximum detected concentration used for screening. NA = not available
(2) Screened against Regional Screening Levels, May 2016, for residential soil, adjusted to a cancer risk of 1×10 -6 and ND = not detected

hazard quotient of 0.1. http://www.epa.gov/region09/waste/sfund/prg/index.html NL = not listed
(3) Rationale Codes:    n = screening toxicity value based on noncancer effects

Selection  Reason: ASL = above screening level c = screening toxicity value based on cancer effects

Deletion Reason: BSL = below screening level s = concentration may exceed saturation concentration 

NUT = essential nutrient SCO = soil cleanup objectiue

NTX = no toxicity information available COPC = chemical of potential concern
(4) Potential ARAR/TBC value from New York State Department of Environmental Conservation ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered

NYSDEC Subpart 375-6: Table 375-6.8(b): Restricted Use Soil Cleanup Objectives, ft bgs = feet below ground surface

http://www.dec.ny.gov/docs/remediation_hudson_pdf/part375.pdf. December 14, 2006. J = qualifier for estimated value
(5) screening value for acenaphthene J- = qualifier for estimated value biased low
(6) screening value for pyrene JN = qualifier for tentatively identified and estimated value
(7) screening value for chlordane µg/kg = micrograms per kilogram
(8) screening value for Hexachlorocyclohexane, Technical mg/kg = milligrams per kilogram
(9) screening value for chlordane 4,4'-DDT = p,p'-dichlorodiphenyltrichloroethane

(10) screening value for chromium VI
(11) Screening value is based on OSWER screening value for residential soil. Lead is further screened in Table 3-2.
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Scenario Timeframe:  Current/Future

Medium:  Site Soil  

Exposure Medium:  Soil (0-10 ft bgs)

Soil (0- 10 ft bgs)
EPA 901.1 13966-00-2 Potassium-40 7.863 J 19.98 J pCi/g SB-07 65 / 65 0.237 - 8.97 19.98 0.040 Yes ASL

13982-63-3 Radium-226 0.206 57.11 pCi/g SB-44 64 / 65 0.053 - 2.109 57.11 0.965 0.012 Yes ASL
7440-29-1 Thorium-232 0.292 J 505.20 pCi/g SB-08 62 / 65 0.062 - 2.26 505.20 0.851 0.048 Yes ASL

HASL 300, 14274-82-9 Thorium-228 0.940 29.77 J pCi/g SB-80 8 / 8 0.035 - 0.685 29.77 0.410 Yes ASL
4.5.2 14269-63-7 Thorium-230 0.582 J 4.54 J pCi/g SB-80 8 / 8 0.053 - 1.1 4.54 0.054 Yes ASL

7440-29-1 Thorium-232 0.803 32.67 J pCi/g SB-80 8 / 8 0.056 - 1.045 32.67 0.048 Yes ASL
13966-29-5 Uranium-234 0.181 0.71 pCi/g SB-81 8 / 8 0.064 - 0.133 0.71 0.066 Yes ASL
15117-96-1 Uranium-235 0.068 0.08 pCi/g SB-80 2 / 8 0.034 - 0.083 0.08 0.051 Yes ASL
7440-61-1 Uranium-238 0.127 0.57 pCi/g SB-81 8 / 8 0.055 - 0.126 0.57 0.073 Yes ASL

ISCOS 13966-00-2 Potassium-40 7.487 18.45 pCi/g SB-45 71 / 71 1.2576 - 6.44 18.45 0.040 Yes ASL
13982-63-3 Radium-226 0.306 62.83 pCi/g SB-44 69 / 71 0.142 - 1.28 62.83 0.965 0.012 Yes ASL
7440-29-1 Thorium-232 0.355 533.80 pCi/g SB-08 69 / 71 0.0994 - 1.01 533.80 0.851 0.048 Yes ASL
7440-61-1 Uranium-238 1.050 J 20.87 J pCi/g SB-08 3 / 71 0.525 - 13.1 20.87 0.073 Yes DC

(1) Daughter products from primary radionuclides of concern are evaluated in RESRAD (including radon and thoron). NA = not available J = qualifier for estimated value
(2) Maximum detected concentration used for screening. ND = not detected J- = qualifier for estimated value biased low
(3) Screened against EPA PRGs for Resident NL = not listed JN = qualifier for tentatively identified and estimated value
(4) Rationale Codes:    ft bgs = feet below ground surface pCi/g = picocuries per gram

Selection  Reason: ASL = above screening level ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered

DC = decay chain (parent or progeny)

Deletion Reason: BSL = below screening level

 IFD = infrequently detected

Range of 
Reporting Limit

Concentration 
Used for 

Screening (2)

Background 
Value

Screening 
Toxicity Value 

(c) (3)

TABLE B-2.1d

OCCURRENCE, DISTRIBUTION, AND SELECTION OF RADIONUCLIDES OF POTENTIAL CONCERN 

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure Point CAS No. Radionuclide (1)
Minimum 

Concentration 
(Qualifier)

Maximum 
Concentration

(Qualifier)
Unit

Potential 
ARAR/TBC 

Value

Potential 
ARAR/TBC 

Source

Selection 
Flag

(Yes/No)

Rationale for 
Selection or 

Deletion (4)

Location of 
Maximum 

Concentration

Detection 
Frequency
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Scenario Timeframe:  Current/Future

Medium:  Soil, Moffat Street

Exposure Medium:  Surface Soil (0-2 ft bgs)

Surface Soil
EPA 901.1 13966-00-2 Potassium-40 8.25 J 13.46  pCi/g SB-66 11 / 11 0.35 - 1.2 13.46 0.040 Yes ASL

13982-63-3 Radium-226 0.74 3.21 pCi/g SB-65 11 / 11 0.12 - 0.43 3.21 0.919 0.012 Yes ASL
7440-29-1 Thorium-232 1.02 J 4.91 J pCi/g SB-65 11 / 11 0.09 - 1.6 4.91 1.22 0.048 Yes ASL

HASL 300, 14274-82-9 Thorium-228 1.50 1.63 pCi/g SB-68 2 / 2 0.05 - 0.07 1.63 0.410 Yes ASL
4.5.2 14269-63-7 Thorium-230 0.97 J 1.03 J pCi/g SB-68 2 / 2 0.07 - 0.17 1.03 0.054 Yes ASL

7440-29-1 Thorium-232 1.31 1.32 pCi/g SB-68 2 / 2 0.07 - 0.18 1.32 0.048 Yes ASL
13966-29-5 Uranium-234 0.13 0.31 pCi/g SB-70 2 / 2 0.07 - 0.12 0.31 0.066 Yes ASL
7440-61-1 Uranium-238 0.27 0.32 pCi/g SB-68 2 / 2 0.05 - 0.08 0.32 0.073 Yes ASL

(1) Daughter products from primary radionuclides of concern are evaluated in RESRAD (including radon and thoron). NA = not available J = qualifier for estimated value
(2) Maximum detected concentration used for screening. ND = not detected J- = qualifier for estimated value biased low
(3) Screened against EPA PRGs for Resident NL = not listed JN = qualifier for tentatively identified and estimated value
(4) Rationale Codes:    ft bgs = feet below ground surface pCi/g = picocuries per gram

Selection  Reason: ASL = above screening level ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered

Deletion Reason: BSL = below screening level

IFD = infrequently detected

TABLE B-2.1e

OCCURRENCE, DISTRIBUTION, AND SELECTION OF RADIONUCLIDES OF POTENTIAL CONCERN 

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure Point CAS No. Radionuclide (1)
Minimum 

Concentration 
(Qualifier)

Maximum 
Concentration

(Qualifier)
Unit

Potential 
ARAR/TBC 

Value

Potential 
ARAR/TBC 

Source

Selection 
Flag

(Yes/No)

Rationale for 
Selection or 

Deletion (4)

Location of 
Maximum 

Concentration

Detection 
Frequency

Range of 
Reporting 

Limit

Concentration 
Used for 

Screening (2)

Background 
Value

Screening 
Toxicity Value 

(c) (3)
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Scenario Timeframe:  Current/Future

Medium:  Soil, Moffat Street

Exposure Medium:  Soil (0-10 ft bgs)

 Soil (0-10 ft bgs)
EPA 901.1 13966-00-2 Potassium-40 6.46 J 18.29  pCi/g SB-64 55 / 55 0.25 - 1.48 18.29 0.040 Yes ASL

13982-63-3 Radium-226 1.13 1.39 pCi/g SB-71 55 / 55 0.09 - 0.43 1.39 0.919 0.012 Yes ASL
7440-29-1 Thorium-232 1.31 J 1.50  pCi/g SB-71 58 / 58 0.07 - 0.18 1.50 1.22 0.048 Yes ASL

HASL 300, 4.5.2 14274-82-9 Thorium-228 1.38 1.63 pCi/g SB-68 3 / 3 0.04 - 0.07 1.63 0.410 Yes ASL
14269-63-7 Thorium-230 0.97 J 1.03 J pCi/g SB-68 3 / 3 0.07 - 0.17 1.03 0.054 Yes ASL
7440-29-1 Thorium-232 1.31 1.32 pCi/g SB-68 3 / 3 0.04 - 0.18 1.32 1.22 0.048 Yes ASL
13966-29-5 Uranium-234 0.13 0.34 pCi/g SB-74 3 / 3 0.04 - 0.12 0.34 0.066 Yes ASL
7440-61-1 Uranium-238 0.24 0.32 pCi/g SB-68 3 / 3 0.05 - 0.08 0.32 0.073 Yes ASL

(1) Daughter products from primary radionuclides of concern are evaluated in RESRAD (including radon and thoron). NA = not available J = qualifier for estimated value
(2) Maximum detected concentration used for screening. ND = not detected J- = qualifier for estimated value biased low
(3) Screened against EPA PRGs for Resident NL = not listed JN = qualifier for tentatively identified and estimated value
(4) Rationale Codes:    ft bgs = feet below ground surface pCi/g = picocuries per gram

Selection  Reason: ASL = above screening level ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered

Deletion Reason: BSL = below screening level

IFD = infrequently detected

TABLE B-2.1f

OCCURRENCE, DISTRIBUTION, AND SELECTION OF RADIONUCLIDES OF POTENTIAL CONCERN 

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure Point CAS No. Radionuclide(1)
Minimum 

Concentration 
(Qualifier)

Maximum 
Concentration

(Qualifier)
Unit

Potential 
ARAR/TBC 

Value

Potential 
ARAR/TBC 

Source

Selection 
Flag

(Yes/No)

Rationale for 
Selection or 

Deletion (4)

Location of 
Maximum 

Concentration

Detection 
Frequency

Range of 
Reporting 

Limit

Concentration 
Used for 

Screening (2)

Background 
Value

Screening 
Toxicity Value 

(c) (3)
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Scenario Timeframe:  Current/Future

Medium:  Soil, Cooper Street

Exposure Medium:  Surface Soil (0-2 ft bgs)

Surface Soil
EPA 901.1 13966-00-2 Potassium-40 12.66  12.66  pCi/g SB-56 1 / 1 0.67 - 0.67 12.66 0.040 Yes ASL

13982-63-3 Radium-226 2.77 2.77 pCi/g SB-56 1 / 1 0.21 - 0.21 2.77 0.919 0.012 Yes ASL
7440-29-1 Thorium-232 6.18  6.18  pCi/g SB-56 1 / 1 0.19 - 0.19 6.18 1.22 0.048 Yes ASL

ISOCS 13966-00-2 Potassium-40 9.85 14.56 pCi/g SB-56 8 / 8 3.09 - 4.4 14.56 0.040 Yes ASL
13982-63-3 Radium-226 0.65 1.67 pCi/g SB-56 8 / 8 0.25 - 0.41 1.67 0.012 Yes ASL
7440-29-1 Thorium-232 0.83 6.44 pCi/g SB-56 8 / 8 0.17 - 0.22 6.44 0.048 Yes ASL
7440-61-1 Uranium-238 ND ND pCi/g ND 0 / 8 0.05 - 0.08 ND 0.073 Yes DC

(1) Daughter products from primary radionuclides of concern are evaluated in RESRAD (including radon and thoron). NA = not available J = qualifier for estimated value
(2) Maximum detected concentration used for screening. ND = not detected J- = qualifier for estimated value biased low
(3) Screened against EPA PRGs for Resident NL = not listed JN = qualifier for tentatively identified and estimated value
(4) Rationale Codes:    ft bgs = feet below ground surface pCi/g = picocuries per gram

Selection  Reason: ASL = above screening level ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered

DC = decay chain (parent or progeny)

Deletion Reason: BSL = below screening level

IFD = infrequently detected

TABLE B-2.1g

OCCURRENCE, DISTRIBUTION, AND SELECTION OF RADIONUCLIDES OF POTENTIAL CONCERN 

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure 
Point

CAS No. Radionuclide(1) 
Minimum 

Concentration 
(Qualifier)

Maximum 
Concentration

(Qualifier)
Unit

Potential 
ARAR/TBC 

Value

Potential 
ARAR/TBC 

Source

Selection 
Flag

(Yes/No)

Rationale for 
Selection or 

Deletion (4)

Location of 
Maximum 

Concentration

Detection 
Frequency

Range of 
Reporting 

Limit

Concentration 
Used for 

Screening (2)

Background 
Value

Screening 
Toxicity Value 

(c) (3)
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Scenario Timeframe:  Current/Future

Medium:  Soil, Cooper Street

Exposure Medium:  Soil (0-10 ft bgs)

 Soil (0-10 ft bgs)
EPA 901.1 13966-00-2 Potassium-40 12.66  15.01  pCi/g SB-57 3 / 3 0.45 - 0.67 15.01 0.040 Yes ASL

13982-63-3 Radium-226 0.87 2.77 pCi/g SB-56 3 / 3 0.14 - 0.21 2.77 0.965 0.012 Yes ASL
7440-29-1 Thorium-232 0.95 J 6.18  pCi/g SB-56 3 / 3 0.13 - 0.19 6.18 0.851 0.048 Yes ASL

ISOCS 13966-00-2 Potassium-40 9.77 16.28 pCi/g SB-60 42 / 42 2.92 - 4.4 16.28 0.040 Yes ASL
13982-63-3 Radium-226 0.24 1.67 pCi/g SB-56 42 / 42 0.19 - 0.41 1.67 0.012 Yes ASL
7440-29-1 Thorium-232 0.47 6.44 pCi/g SB-56 42 / 42 0.1 - 0.22 6.44 0.048 Yes ASL
7440-61-1 Uranium-238 1.10 1.10 pCi/g SB-56 1 / 42 0.95 - 1.22 1.10 0.073 Yes ASL

(1) Daughter products from primary radionuclides of concern are evaluated in RESRAD (including radon and thoron). NA = not available J = qualifier for estimated value
(2) Maximum detected concentration used for screening. ND = not detected J- = qualifier for estimated value biased low
(3) Screened against EPA PRGs for Resident NL = not listed JN = qualifier for tentatively identified and estimated value
(4) Rationale Codes:    ft bgs = feet below ground surface pCi/g = picocuries per gram

Selection  Reason: ASL = above screening level ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered

Deletion Reason: BSL = below screening level

IFD = infrequently detected

TABLE B-2.1h

OCCURRENCE, DISTRIBUTION, AND SELECTION OF RADIONUCLIDES OF POTENTIAL CONCERN 

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure 
Point

CAS No. Radionuclide(1) 
Minimum 

Concentration 
(Qualifier)

Maximum 
Concentration

(Qualifier)
Unit

Potential 
ARAR/TBC 

Value

Potential 
ARAR/TBC 

Source

Selection 
Flag

(Yes/No)

Rationale for 
Selection or 

Deletion (3)

Location of 
Maximum 

Concentration

Detection 
Frequency

Range of 
Reporting 

Limit

Concentration 
Used for 

Screening (2)

Background 
Value

Screening 
Toxicity Value 

(c) (3)
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Scenario Timeframe:  Current/Future

Medium:  Soil, Irving Avenue

Exposure Medium:  Soil (0-10 ft bgs)

 Soil (0-10 ft bgs)
EPA 901.1 13966-00-2 Potassium-40 10.71  29.62 J pCi/g SB-50 7 / 7 0.45 - 0.67 29.62 0.040 Yes ASL

13982-63-3 Radium-226 0.40 43.34 pCi/g SB-50 7 / 7 0.14 - 0.21 43.34 0.965 0.012 Yes ASL
7440-29-1 Thorium-232 0.46 J 156.20  pCi/g SB-50 8 / 8 0.13 - 0.19 156.20 0.851 0.048 Yes ASL

ISOCS 13966-00-2 Potassium-40 9.03 18.25 pCi/g SB-18 41 / 41 2.92 - 4.4 18.25 0.040 Yes ASL
13982-63-3 Radium-226 0.29 38.65 pCi/g SB-50 42 / 42 0.19 - 0.41 38.65 0.012 Yes ASL
7440-29-1 Thorium-232 0.41 209.90 pCi/g SB-50 41 / 41 0.1 - 0.22 209.90 0.048 Yes ASL
7440-61-1 Uranium-238 1.10 1.10 pCi/g SB-56 1 / 41 0.95 - 1.22 1.10 0.073 Yes ASL

(1) Daughter products from primary radionuclides of concern are evaluated in RESRAD (including radon and thoron). NA = not available J = qualifier for estimated value
(2) Maximum detected concentration used for screening. ND = not detected J- = qualifier for estimated value biased low
(3) Screened against EPA PRGs for Resident NL = not listed JN = qualifier for tentatively identified and estimated value
(4) Rationale Codes:    ft bgs = feet below ground surface pCi/g = picocuries per gram

Selection  Reason: ASL = above screening level ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered

Deletion Reason: BSL = below screening level

IFD = infrequently detected

Range of 
Reporting 

Limit

Concentration 
Used for 

Screening (2)

Background 
Value

Screening 
Toxicity Value 

(c) (3)

TABLE B-2.1i

OCCURRENCE, DISTRIBUTION, AND SELECTION OF RADIONUCLIDES OF POTENTIAL CONCERN 

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure 
Point

CAS No. Radionuclide(1) 
Minimum 

Concentration 
(Qualifier)

Maximum 
Concentration

(Qualifier)
Unit

Potential 
ARAR/TBC 

Value

Potential 
ARAR/TBC 

Source

Selection 
Flag

(Yes/No)

Rationale for 
Selection or 

Deletion (3)

Location of 
Maximum 

Concentration

Detection 
Frequency
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Scenario Timeframe:  Current/Future

Medium:  Soil, School 

Exposure Medium:  Soil (0-2 ft bgs)

Surface Soil
ISOCS 13966-00-2 Potassium-40 8.75 12.51 pCi/g SCSB-04 6 / 6 3.02 - 3.6 12.51 0.040 Yes ASL

13982-63-3 Radium-226 0.37 0.75 pCi/g SCSB-05 6 / 6 0.19 - 0.27 0.75 0.919 0.012 Yes ASL
7440-29-1 Thorium-232 0.59 1.17 pCi/g SCSB-05 6 / 6 0.14 - 0.2 1.17 1.22 0.048 Yes ASL
7440-61-1 Uranium-238 ND ND pCi/g ND 0 / 6 1.02 - 1.21 ND 0.073 Yes DC

(1) Daughter products from primary radionuclides of concern are evaluated in RESRAD (including radon and thoron). NA = not available J = qualifier for estimated value
(2) Maximum detected concentration used for screening. ND = not detected J- = qualifier for estimated value biased low
(3) Screened against EPA PRGs for Resident NL = not listed JN = qualifier for tentatively identified and estimated value
(4) Rationale Codes:    ft bgs = feet below ground surface pCi/g = picocuries per gram

Selection  Reason: ASL = above screening level ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered

DC = decay chain (parent or progeny)

Deletion Reason: BSL = below screening level

IFD = infrequently detected

Range of 
Reporting 

Limit

Concentration 
Used for 

Screening (2)

Background 
Value

Screening 
Toxicity Value 

(c) (3)

TABLE B-2.1j

OCCURRENCE, DISTRIBUTION, AND SELECTION OF RADIONUCLIDES OF POTENTIAL CONCERN 

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure 
Point

CAS No. Radionuclide(1) 
Minimum 

Concentration 
(Qualifier)

Maximum 
Concentration

(Qualifier)
Unit

Potential 
ARAR/TBC 

Value

Potential 
ARAR/TBC 

Source

Selection 
Flag

(Yes/No)

Rationale for 
Selection or 

Deletion (4)

Location of 
Maximum 

Concentration

Detection 
Frequency
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Scenario Timeframe:  Current/Future

Medium:  Soil, School 

Exposure Medium:  Soil (0-10 ft bgs)

 Soil (0-10 ft bgs)
EPA 901.1 13966-00-2 Potassium-40 10.88 16.24 pCi/g SCSB-04 3 / 3 0.25 - 0.53 16.24 0.040 Yes ASL

13982-63-3 Radium-226 0.49 0.97 pCi/g SCSB-04 3 / 3 0.1 - 0.15 0.97 0.919 0.012 Yes ASL
7440-29-1 Thorium-232 0.61 1.22 J pCi/g SCSB-04 3 / 3 0.12 - 0.19 1.22 1.22 0.048 Yes ASL

HASL 300, 14274-82-9 Thorium-228 1.30 1.30 pCi/g SCSB-04 1 / 1 0.04 - 0.04 1.30 0.410 Yes ASL
4.5.2 14269-63-7 Thorium-230 0.81 0.81 pCi/g SCSB-04 1 / 1 0.07 - 0.07 0.81 0.054 Yes ASL

7440-29-1 Thorium-232 1.11 1.11 pCi/g SCSB-04 1 / 1 0.14 - 0.14 1.11 0.048 Yes ASL
13966-29-5 Uranium-234 0.47 J 0.47 J pCi/g SCSB-04 1 / 1 0.1 - 0.1 0.47 0.066 Yes ASL
15117-96-1 Uranium-235 ND ND pCi/g ND 0 / 1 0.11 - 0.11 ND 0.051 No ND
7440-61-1 Uranium-238 0.21 0.21 pCi/g SCSB-04 1 / 1 0.21 - 0.21 0.21 0.073 Yes ASL

ISOCS 13966-00-2 Potassium-40 6.51 18.53 pCi/g SCSB-04 30 / 30 2.97 - 3.92 18.53 0.040 Yes ASL
13982-63-3 Radium-226 0.28 0.80 pCi/g SCSB-02 30 / 30 0.18 - 0.29 0.80 0.919 0.012 Yes ASL
7440-29-1 Thorium-232 0.34 1.55 pCi/g SCSB-03 29 / 30 0.12 - 0.23 1.55 1.22 0.048 Yes ASL
7440-61-1 Uranium-238 ND ND pCi/g ND 0 / 6 0.82 - 1.2 ND 0.073 Yes DC

(1) Daughter products from primary radionuclides of concern are evaluated in RESRAD (including radon and thoron). NA = not available J = qualifier for estimated value
(2) Maximum detected concentration used for screening. ND = not detected J- = qualifier for estimated value biased low
(3) Screened against EPA PRGs for Resident NL = not listed JN = qualifier for tentatively identified and estimated value
(4) Rationale Codes:    ft bgs = feet below ground surface pCi/g = picocuries per gram

Selection  Reason: ASL = above screening level ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered

DC = decay chain (parent or progeny)

Deletion Reason: BSL = below screening level

IFD = infrequently detected

Range of 
Reporting 

Limit

Concentration 
Used for 

Screening (2)

Background 
Value

Screening 
Toxicity Value 

(c) (3)

TABLE B-2.1k

OCCURRENCE, DISTRIBUTION, AND SELECTION OF RADIONUCLIDES OF POTENTIAL CONCERN 

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure 
Point

CAS No. Radionuclide(1) 
Minimum 

Concentration 
(Qualifier)

Maximum 
Concentration

(Qualifier)
Unit

Potential 
ARAR/TBC 

Value

Potential 
ARAR/TBC 

Source

Selection 
Flag

(Yes/No)

Rationale for 
Selection or 

Deletion (4)

Location of 
Maximum 

Concentration

Detection 
Frequency
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Scenario Timeframe:  Future

Medium:  Groundwater

Exposure Medium:  Groundwater

Groundwater Volatile Organic Compounds

71-55-6 1,1,1-Trichloroethane 0.5 J 0.5 J µg/L MW-05 1 / 10 1 - 10 0.5 NA 800 n 200 MCL No BSL
67-66-3 Chloroform 1.5 J 3.5 J µg/L MW-01 7 / 10 1 - 10 3.5 NA 0.22 c* NL Yes ASL
156-59-2 cis-1,2-Dichloroethene 0.74 J 25 µg/L MW-02 10 / 10 1 - 10 25 NA 3.6 n 70 MCL Yes ASL
127-18-4 Tetrachloroethene 150 930 µg/L MW-04 10 / 10 1 - 10 930 NA 4.1 n 5 MCL Yes ASL
79-01-6 Trichloroethene 1.9 7.7 J µg/L MW-04 10 / 10 1 - 10 7.7 NA 0.28 n 5 MCL Yes ASL

 Semi-volatile Organic Compounds                   
95-48-7 2-Methylphenol 0.51 J 0.51 J µg/L MW-05 1 / 10 1 - 1 0.51 NA 93 n NL  No BSL
120-12-7 Anthracene 0.1 J 0.1 J µg/L MW-04 1 / 10 0.2 - 0.2 0.1 NA 180 n NL  No BSL
117-81-7 Bis(2-Ethylhexyl)Phthalate 0.49 J 0.49 J µg/L MW-04 1 / 10 5 - 5 0.49 NA 5.6 c** 6 MCL No BSL
105-60-2 Caprolactam 5.6  5.6  µg/L MW-03 1 / 10 5 - 5 5.6 NA 990 n NL  No BSL
206-44-0 Fluoranthene 0.15 J 0.24  µg/L MW-04 3 / 10 0.2 - 0.2 0.24 NA 80 n NL  No BSL
85-01-8 Phenanthrene 0.26  0.6  µg/L MW-04 3 / 10 0.2 - 0.2 0.6 NA NL  NL  No BSL
129-00-0 Pyrene 0.19 J 0.3  µg/L MW-04 3 / 10 0.2 - 0.2 0.3 NA 12 n NL  No BSL

Pesticides/Polychlorinated Biphenyls                   

5103-71-9 Alpha-Chlordane 0.015 J 0.015 J µg/L MW-04 1 / 10 0.04 - 0.04 0.015 NA NL  NL  No BSL
Inorganics                   
7429-90-5 Aluminum 0.13 J 0.45  mg/l MW-03 3 / 10 0.4 - 0.4 0.45 NA 2 n NL  No BSL
7440-38-2 Arsenic 0.0022 J 0.0025 J mg/l MW-01 3 / 10 0.015 - 0.015 0.0025 NA 0.000052 c* 0.01 MCL Yes ASL
7440-39-3 Barium 0.058  0.11  mg/l MW-05 10 / 10 0.025 - 0.025 0.11 NA 0.38 n 2 MCL No BSL
7440-47-3 Chromium 0.0038 J 0.14  mg/l MW-02 10 / 10 0.01 - 0.01 0.14 NA 0.035 c4 0.1 MCL Yes ASL
7440-48-4 Cobalt 0.0027 J 0.0027 J mg/l MW-05 1 / 10 0.025 - 0.025 0.0027 NA 0.0006 n NL Yes ASL
7440-50-8 Copper 0.0031 J 0.0038 J mg/l MW-01 2 / 10 0.01 - 0.01 0.0038 NA 0.08 n 1.3 MCL No BSL
7439-89-6 Iron 0.13 2.4 mg/l MW-05 10 / 10 0.1 - 0.1 2.4 NA 1.4 n NL Yes ASL
7439-95-4 Magnesium 29  40  mg/l MW-02 9 / 10  -  40 NA NL  NL  No BSL
7439-96-5 Manganese 0.062  2  mg/l MW-02 10 / 10 0.015 - 0.015 2 NA NL  NL  No BSL
7439-97-6 Mercury 0.000074 J- 0.000075 J- mg/l MW-04 2 / 10 0.0002 - 0.0002 0.000075 NA 0.000063 n 0.002 MCL Yes ASL
7440-02-0 Nickel 0.0045 J 0.018 J mg/l MW-01 5 / 10 0.04 - 0.04 0.018 NA 0.039 n5 NL  No BSL
7440-09-7 Potassium 2.7 J 7.2  mg/l MW-04 7 / 10  -  7.2 NA NL  NL  No BSL
7782-49-2 Selenium 0.017 J 0.032 mg/l MW-05 3 / 10 0.02 - 0.02 0.032 NA 0.01 n 0.05 MCL Yes ASL
7440-23-5 Sodium 72 J+ 120 J+ mg/l MW-05 9 / 10  -  120 NA NL  NL  No BSL
7440-66-6 Zinc 0.0075 J 0.07  mg/l MW-01 6 / 10 0.02 - 0.02 0.07 NA 0.6 n NL  No BSL

(1) Maximum detected concentration used for screening. NA = not available
(2) Screened against Regional Screening Levels, May 2016, for tap water, adjusted to a cancer risk of 1×10 -6 and NL = not listed

hazard quotient of 0.1. http://www.epa.gov/region09/waste/sfund/prg/index.html n = screening toxicity value based on noncancer effects
(3) Rationale Codes:    c = screening toxicity value based on cancer effects

Selection  Reason: ASL = above screening level COPC = chemical of potential concern

Deletion Reason: BSL = below screening level ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered
NTX = no toxicity information available J = qualifier for estimated value
NUT = essential nutrient µg/L = micrograms per liter

(4) screening value for chromium VI MCL = USEPA Maximum Contaminant Level
(5) screening value for nickel soluble salts

COPC 
Flag

(Yes/No)

Rationale 
for Selection 
or Deletion 

(3)

Location of 
Maximum 

Concentration

Detection 
Frequency

Range of 
Reporting Limit

Concentration 
Used for 

Screening (1)

Background 
Value

Screening Toxicity 
Value 

(n/c) (2)

TABLE B-2.2a

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure 
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CAS No. Chemical
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(Qualifier)

Maximum 
Concentration

(Qualifier)
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ARAR/TBC 
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Scenario Timeframe:  Future

Medium:  Groundwater

Exposure Medium:  Tap Water

Tap Water

EPA 901.1 13966-00-2 Potassium-40 28.61 J 33.66 J pCi/L MW-04 2 / 10 25.8 - 41.3 33.66 NA 0.830 Yes ASL
13982-63-3 Radium-226 ND ND pCi/L ND 0 / 10 43.8 - 57.2 ND NA 0.00044 No ND
7440-29-1 Thorium-232 10.988 J 10.988 J pCi/L MW-05 1 / 10 7.64 - 10.7 10.99 NA 0.340 Yes ASL

(1) Daughter products from primary radionuclides of concern are evaluated in RESRAD (including radon and thoron). NA = not available J = qualifier for estimated value
(2) Maximum detected concentration used for screening. ND = not detected J- = qualifier for estimated value biased low
(3) Screened against EPA PRGs for Resident NL = not listed JN = qualifier for tentatively identified and estimated value
(4) Rationale Codes:    ft bgs = feet below ground surface pCi/L = picocuries per liter

Selection  Reason: ASL = above screening level ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered

Deletion Reason: BSL = below screening level

IFD = infrequently detected

TABLE B-2.2b

OCCURRENCE, DISTRIBUTION, AND SELECTION OF RADIONUCLIDES OF POTENTIAL CONCERN 

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure 
Point

CAS No. Radionuclide (1)
Minimum 

Concentration 
(Qualifier)

Maximum 
Concentration

(Qualifier)
Unit

Potential 
ARAR/TBC 

Value

Potential 
ARAR/TBC 

Source

Selection 
Flag

(Yes/No)

Rationale for 
Selection or 

Deletion (3)

Location of 
Maximum 

Concentration

Detection 
Frequency

Range of 
Reporting 

Limit

Concentration 
Used for 

Screening (1)

Background 
Value

Screening 
Toxicity Value 

(c) (2)
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Scenario Timeframe:  Future

Medium:  Sediment

Exposure Medium:  Sediment  in Sewer

Sediment
 13966-00-2 Potassium-40 9.06 31.10 pCi/g SED-6 4 / 7 NA - NA 31.10 NA 0.040 NA NA Yes ASL

13982-63-3 Radium-226 0.27 27.40 pCi/g SED-2 7 / 7 NA - NA 27.40 NA 0.012 NA NA Yes ASL
7440-29-1 Thorium-232 1.92 1460 pCi/g SED-5 7 / 7 NA - NA 1460.00 NA 0.048 NA NA Yes ASL
7440-61-1 Uranium-238 1.02 54.40 pCi/g SED-5 7 / 7 NA - NA 54.40 NA 0.073 NA NA Yes ASL

(1) Daughter products from primary radionuclides of concern are evaluated in RESRAD (including radon and thoron). NA = not available J = qualifier for estimated value
(2) Maximum detected concentration used for screening. ND = not detected J- = qualifier for estimated value biased low
(3) Screened against EPA PRGs for Resident NL = not listed JN = qualifier for tentatively identified and estimated value
(4) Rationale Codes:    ft bgs = feet below ground surface pCi/g = picocuries per gram

Selection  Reason: ASL = above screening level ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered

Deletion Reason: BSL = below screening level

Deletion Reason: IFD = infrequently detected

Selection 
Flag
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Deletion (4)
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Concentration
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Frequency

Range of 
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(c) (3)

TABLE B-2.3

OCCURRENCE, DISTRIBUTION, AND SELECTION OF RADIONUCLIDES OF POTENTIAL CONCERN 

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York
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Scenario Timeframe:  Future

Medium:  Building Materials

Exposure Medium:  Immersion in Air

Air
EPA 901.1 13966-00-2 Potassium-40 0.48 J 33.47 J pCi/g Lot 42 8 / 8 0.19 - 9.2 33.47 NA 0.040 NA NA Yes ASL

13982-63-3 Radium-226 2.73 J 44.22 J pCi/g Lot 44 6 / 8 0.71 - 8.15 44.22 NA 0.012 NA NA Yes ASL
7440-29-1 Thorium-232 0.45 415 pCi/g Lot 44 6 / 8 0.08 - 2.73 415.17 NA 0.048 NA NA Yes ASL

(1) Daughter products from primary radionuclides of concern are evaluated in RESRAD (including radon and thoron). NA = not available J = qualifier for estimated value
(2) Maximum detected concentration used for screening. ND = not detected J- = qualifier for estimated value biased low
(3) Screened against EPA PRGs for Resident NL = not listed JN = qualifier for tentatively identified and estimated value
(4) Rationale Codes:    pCi/g = picocuries per gram

Selection  Reason: ASL = above screening level ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered

Deletion Reason: BSL = below screening level

IFD = infrequently detected

Selection 
Flag

(Yes/No)

Rationale for 
Selection or 

Deletion (4)

Location of 
Maximum 

Concentration

Detection 
Frequency

Range of 
Reporting 

Limit

Concentration 
Used for 

Screening (2)

Background 
Value

Screening 
Toxicity Value 

 (3)

TABLE B-2.4

OCCURRENCE, DISTRIBUTION, AND SELECTION OF RADIONUCLIDES OF POTENTIAL CONCERN 

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure 
Point

CAS No. Radionuclide(1) 
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Concentration 
(Qualifier)

Maximum 
Concentration

(Qualifier)
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Potential 
ARAR/TBC 
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Source
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Scenario Timeframe Future
Medium:   Site Soil
Exposure Medium:  Surface Soil (0-2 ft bgs)

Value Unit Statistic Rationale (3)

Surface Soil Semi-volatile Organic Compounds
Benzo(a)anthracene µg/kg 1145 7891 13000 7891 µg/kg UCL-NP 99% (Chebyshev) UCL
Benzo(a)pyrene µg/kg 979 6200 10000 J 6200 µg/kg UCL-NP 99% (Chebyshev) UCL
Benzo(b)fluoranthene µg/kg 1429 7848 12000 7848 µg/kg UCL-NP 99% (Chebyshev) UCL
Benzo(k)fluoranthene µg/kg 658.8 3998 6500 J 3998 µg/kg UCL-NP 99% KM (Chebyshev) UCL
Indeno(1,2,3-cd)pyrene µg/kg 293 947 2900 947 µg/kg UCL-NP 95% (Chebyshev) UCL
Pesticides/Polychlorinated Biphenyls
4,4'-DDT µg/kg 812.4 4888 6800 J+ 4888 µg/kg UCL-G 95% Adujusted Gamma UCL
Aroclor 1260 µg/kg 6545 58042 100000 J+ 58042.0 µg/kg UCL-NP 99% KM (Chebyshev) UCL
Dieldrin µg/kg 420.0 620.2 800 J 620 µg/kg UCL-NP 99% KM (Chebyshev) UCL
Inorganics
Aluminum mg/kg 7716 8691 12000 J 8691 mg/kg UCL-N 95% Student's-t UCL
Arsenic mg/kg 10.01 13.1 31 13.1 mg/kg UCL-N 95% Student's-t UCL
Chromium mg/kg 15.52 16.85 22.00 16.85 mg/kg UCL-N 95% Student's-t UCL
Cobalt mg/kg 4.9 5.5 7.1 J 5.5 mg/kg UCL-N 95% Student's-t UCL
Iron mg/kg 14174 16254 26000 J 16254 mg/kg UCL-N 95% Student's-t UCL
Lead mg/kg 165 225 510 J 165 mg/kg mean IEUBK guidance
Manganese mg/kg 212 251 390 251 mg/kg UCL-N 95% Student's-t UCL
Mercury mg/kg 6.5 63.8 110 J+ 63.8 mg/kg UCL-NP 99% (Chebyshev) UCL
Selenium mg/kg 90.93 644.1 1100 644.1 mg/kg UCL-NP 99% KM (Chebyshev) UCL
Vanadium mg/kg 24 27 47 27 mg/kg UCL-N 95% Student's-t UCL

µg/kg = microgram per kilogram J = qualifier for estimated value NA = not available

mg/kg = milligram per kilogram ft bgs = feet below ground surface

Notes:
(1) Mean and upper confidence limit (UCL) concentrations are calculated using ProUCL version 5.1.00 for chemicals with at least 5 samples in a dataset and 4 detected values.
(2) Exposure point concentration is the lower value of the maximum concentration and the UCL.
(3) Rationale: UCL-G = upper confidence limit of mean of gamma distribution

UCL-N = upper confidence limit of mean of normal distribution

UCL-NP = upper confidence limit of mean of non-parametric distribution

Max = maximum detected concentration

Exposure Point Concentration (2)

TABLE B-3.1a
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Exposure Point Chemical of Potential Concern Unit
Mean 

Concentration(1)

Upper 
Confidence 

Limit (1)

Maximum 
Concentration

(Qualifier)
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Scenario Timeframe Future  
Medium:   Site Soil, without Hot Spots (4)

Exposure Medium:  Surface Soil (0-2 ft bgs)

Value Unit Statistic Rationale (3)

Surface Soil Semi-volatile Organic Compounds
Benzo(a)anthracene µg/kg 487 918 2600 918 µg/kg UCL-G 95% Adujusted Gamma UCL
Benzo(a)pyrene µg/kg 478 883 2500  883 µg/kg UCL-G 95% Adujusted Gamma UCL
Benzo(b)fluoranthene µg/kg 842 1608 4400 1608 µg/kg UCL-G 95% Adujusted Gamma UCL
Benzo(k)fluoranthene µg/kg 315.2 712.2 1300  712.2 µg/kg UCL-NP 95% KM (Chebyshev) UCL
Indeno(1,2,3-cd)pyrene µg/kg 148 330 630 330 µg/kg UCL-NP 95% Chebyshev (Mean Sd) UCL
Pesticides/Polychlorinated Biphenyls
4,4'-DDT µg/kg 63.98 132.7 340  132.7 µg/kg UCL-G 95% Gamma Adjusted KM-UCL
Aroclor 1260 µg/kg 123 514 1200  514.4 µg/kg UCL-G 95% Gamma Adjusted KM-UCL
Dieldrin µg/kg 420.0 620.2 800 J 620 µg/kg UCL-NP 99% KM (Chebyshev) UCL
Inorganics
Aluminum mg/kg 7716 8691 12000 J 8691 mg/kg UCL-N 95% Student's-t UCL
Arsenic mg/kg 10.0 13.1 31 13.1 mg/kg UCL-N 95% Student's-t UCL
Chromium mg/kg 15.52 16.9 22 17 mg/kg UCL-N 95% Student's-t UCL
Cobalt mg/kg 4.9 5.5 7.1 J 5.5 mg/kg UCL-N 95% Student's-t UCL
Iron mg/kg 14174 16254 26000 J 16254 mg/kg UCL-N 95% Student's-t UCL
Lead mg/kg 165 225 510 J 165 mg/kg mean IEUBK guidance
Manganese mg/kg 212 251 390 251 mg/kg UCL-N 95% Student's-t UCL
Mercury mg/kg 6.5 63.8 110 J+ 63.8 mg/kg UCL-NP 99% (Chebyshev) UCL
Selenium mg/kg 90.93 644.1 1100 644.1 mg/kg UCL-NP 99% KM (Chebyshev) UCL
Vanadium mg/kg 24 27 47 27 mg/kg UCL-N 95% Student's-t UCL

µg/kg = microgram per kilogram J = qualifier for estimated value NA = not available

mg/kg = milligram per kilogram ft bgs = feet below ground surface

Notes:
(1) Mean and upper confidence limit (UCL) concentrations are calculated using ProUCL version 5.1.00 for chemicals with at least 5 samples in a dataset and 4 detected values.
(2) Exposure point concentration is the lower value of the maximum concentration and the UCL.
(3) Rationale: UCL-G = upper confidence limit of mean of gamma distribution

UCL-N = upper confidence limit of mean of normal distribution

UCL-NP = upper confidence limit of mean of non-parametric distribution

Max = maximum detected concentration
(4) Exposure Point Concentration excludes hot spots for PAHs (SB-31), DDT (SB-45), and Aroclor 1260 (SB-45)

Exposure Point Concentration (2)

TABLE B-3.1a-2
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Exposure Point Chemical of Potential Concern Unit
Mean 

Concentration(1)

Upper 
Confidence 

Limit (1)

Maximum 
Concentration

(Qualifier)
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Scenario Timeframe:Future
Medium:   Site Soil
Exposure Medium:  Soil (0-10 ft bgs)

Value Unit Statistic Rationale (3)

Surface/ Semi-volatile Organic Compounds
Subsurface Soil 1,1'-Biphenyl µg/kg 6735 4231 13000 4231 µg/kg UCL-NP 97.5% KM Chebyshev  UCL

2-Methylnaphthalene µg/kg 47971 52406 190000 52406 µg/kg UCL-NP KM-UCL
Benzo(a)anthracene µg/kg 1373.00 2969.00 13000 2969 µg/kg UCL-NP 95% KM Chebyshev  UCL
Benzo(a)pyrene µg/kg 1090.00 2269.00 10000 J 2269 µg/kg UCL-NP 95% KM Chebyshev  UCL
Benzo(b)fluoranthene µg/kg 1433.00 2819.00 12000 2819 µg/kg UCL-NP 95% KM Chebyshev  UCL
Benzo(k)fluoranthene µg/kg 658.80 1373.00 6500 J 1373 µg/kg UCL-NP 95% KM Chebyshev  UCL
Bis(2-Ethylhexyl)Phthalate µg/kg 3143.00 10170.00 41000 10170 µg/kg UCL-NP 97.5% KM Chebyshev  UCL
Indeno(1,2,3-cd)pyrene µg/kg 305.00 698.20 2900 698 µg/kg UCL-NP KM H-UCL
Naphthalene µg/kg 9224 17192 63000 17192 µg/kg UCL-G 95% Adjusted Gamma UCL
Pesticides/Polychlorinated Biphenyls
4,4'-DDT µg/kg 731.20 1793.00 6800 J+ 1793 µg/kg UCL-G 95% Adjusted Gamma KM-UCL
Aroclor 1260 µg/kg 5820 24530 100000 J+ 24530 µg/kg UCL-NP 97.5% KM (t) UCL
Dieldrin µg/kg 420 260 800 J 260.1 µg/kg UCL-NP 97.5% KM Chebyshev  UCL
Inorganics
Aluminum mg/kg 8623 9618 17000 J 9618 mg/kg UCL-N 95% Student's-t UCL
Arsenic mg/kg 7.18 10.73 31 11 mg/kg UCL-T 95% KM H-UCL
Chromium mg/kg 16.46 17.76 24 J 18 mg/kg UCL-T 95% H-UCL
Cobalt mg/kg 4.88 5.30 7.1 J 5 mg/kg UCL-N 95% Student's-t UCL
Iron mg/kg 13730 15099 26000 J 15099 mg/kg UCL-N 95% Student's-t UCL
Lead mg/kg 106.20 219.90 510 J 106 mg/kg mean IEUBK guidance
Manganese mg/kg 231.50 262.00 400 J- 262 mg/kg UCL-N 95% Student's-t UCL
Mercury mg/kg 5.88 27.11 110 J+ 27.11 mg/kg UCL-NP 97.5% KM Chebyshev  UCL
Selenium mg/kg 84.49 273 1100 273 mg/kg UCL-NP 97.5% KM Chebyshev  UCL
Vanadium mg/kg 24.61 26.92 47 27 mg/kg UCL-N 95% Student's-t UCL

µg/kg = microgram per kilogram J = qualifier for estimated value NA = not available

mg/kg = milligram per kilogram ft bgs = feet below ground surface

Notes:
(1) Mean and upper confidence limit (UCL) concentrations are calculated using ProUCL version 5.1.00 for chemicals with at least 5 samples in a dataset and 4 detected values.
(2) Exposure point concentration is the lower value of the maximum concentration and the UCL.
(3) Rationale: UCL-G = upper confidence limit of mean of gamma distribution

UCL-N = upper confidence limit of mean of normal distribution
UCL-NP = upper confidence limit of mean of non-parametric distribution
UCL-T = upper confidence limit of mean of lognormal distribution
Max = maximum detected concentration

Hot spots exist for PAHs (SB-31), DDT (SB-45), and Aroclor 1260 (SB-45)

Exposure Point Concentration (2)

TABLE B-3.1b
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Exposure Point Chemical of Potential Concern Unit
Mean 

Concentration(1)

Upper 
Confidence 

Limit (1)

Maximum 
Concentration

(Qualifier)
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Scenario Timeframe:  Current/Future

Medium:  Site Soil

Exposure Medium:  Soil (0-10 ft bgs)

Exposure Point
Radionuclide of 

Concern
Unit

Mean 
Concentration

Value Unit Statistic Rationale (3)

Soil (0-10 ft bgs)
EPA 901.1 Potassium-40 pCi/g 12.41 12.92 19.98 13 pCi/g UCL-N 95% Student's-t UCL

Radium-226 pCi/g 2.46 6.32 57.11 6.32 pCi/g UCL-NP 95% Chebyshev (Mean, Sd) UCL
Thorium-232 pCi/g 17.21 53.23 505.20 53.23 pCi/g UCL-NP 95% KM Chebyshev UCL

HASL 300, 4.5.2 Thorium-228 pCi/g 11.18 19.35 29.77 19.35 pCi/g UCL-N 95% Student's-t UCL
Thorium-230 pCi/g 2.36 3.30 10.12 3.30 pCi/g UCL-N 95% Student's-t UCL
Thorium-232 pCi/g 8.55 19.59 32.67 19.59 pCi/g UCL-N 95% Student's-t UCL
Uranium-234 pCi/g 0.38 0.52 0.71 0.52 pCi/g UCL-N 95% Student's-t UCL
Uranium-235 pCi/g 0.07 0.07 0.07 0.07 pCi/g UCL-NP 95% KM (t) UCL
Uranium-238 pCi/g 0.33 0.44 0.57 0.44 pCi/g UCL-N 95% Student's-t UCL

ISCOS Potassium-40 pCi/g 12.95 13.38 18.45 13.38 pCi/g UCL-N 95% Student's-t UCL
Radium-226 pCi/g 2.28 6.41 62.83 6.41 pCi/g UCL-NP 95% KM Chebyshev UCL
Thorium-232 pCi/g 19.35 55.68 533.80 55.68 pCi/g UCL-NP 95% KM Chebyshev UCL
Uranium-238 pCi/g 9.98 1.55 20.87  1.55 pCi/g UCL-G 95% KM (t) UCL

pCI/g = picocurie per gram J = qualifier for estimated value NA = not available

Notes: ft bgs = feet below ground surface
(1) Mean and upper confidence limit (UCL) concentrations are calculated using ProUCL version 5.1.00 for chemicals with at least 5 samples in a dataset and 4 detected values.
(2) Exposure point concentration is the lower value of the maximum concentration and the UCL.
(3) Rationale: UCL-G = upper confidence limit of mean of gamma distribution

UCL-N = upper confidence limit of mean of normal distribution

UCL-NP = upper confidence limit of mean of non-parametric distribution

Max = maximum detected concentration

TABLE B-3.1c

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Upper 
Confidence 

Limit (1)

Maximum 
Concentration

(Qualifier)

Exposure Point Concentration
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Scenario Timeframe:  Current/Future

Medium:  Soil, Moffat Street

Exposure Medium:  Soil (0-10 ft bgs)

Exposure Point
Radionuclide of 

Concern
Unit

Mean 
Concentration

Value Unit Statistic Rationale (3)

Soil (0 -10 ft bgs)
EPA 901.1 Potassium-40 pCi/g 12.50 12.96 18.29 13 pCi/g UCL-N 95% Student's-t UCL

Radium-226 pCi/g 1.63 1.82 11.00 1.82 pCi/g UCL-T 95% H-UCL
Thorium-232 pCi/g 3.20 6.69 43.93 6.69 pCi/g UCL-NP 95% Chebyshev (Mean)

HASL 300, 4.5.2 Thorium-228 pCi/g 10.35 21.13 41.52 21.13 pCi/g UCL-N 95% Student's-t UCL
Thorium-230 pCi/g 2.41 3.67 5.69 3.67 pCi/g UCL-N 95% Student's-t UCL
Uranium-234 pCi/g 0.69 2.37 2.11 2.11 pCi/g UCL-G 95% Gamma Adjusted KM-UCL
Uranium-238 pCi/g 0.54 0.96 1.49 0.96 pCi/g UCL-T KM H-UCL

pCI/g = picocurie per gram J = qualifier for estimated value NA = not available

Notes: ft bgs = feet below ground surface
(1) Mean and upper confidence limit (UCL) concentrations are calculated using ProUCL version 5.1.00 for chemicals with at least 5 samples in a dataset and 4 detected values.
(2) Exposure point concentration is the lower value of the maximum concentration and the UCL.
(3) Rationale: UCL-G = upper confidence limit of mean of gamma distribution

UCL-N = upper confidence limit of mean of normal distribution

UCL-NP = upper confidence limit of mean of non-parametric distribution

UCL-T = upper confidence limit of mean of lognormal distribution

Max = maximum detected concentration

TABLE B-3.1d

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Upper 
Confidence 

Limit (1)

Maximum 
Concentration

(Qualifier)

Exposure Point Concentration
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Scenario Timeframe:  Current/Future

Medium:  Soil, Cooper Street

Exposure Medium:  Soil (0-10 ft bgs)

Exposure Point
Radionuclide of 

Concern
Unit

Mean 
Concentration

Value Unit Statistic Rationale (3)

Soil (0 -10 ft bgs)
EPA 901.1 Potassium-40 pCi/g 13.25 NC 15.01 15.01 pCi/g Max only 3 samples 

Radium-226 pCi/g 1.36 NC 2.28 2.28 pCi/g Max only 3 samples 
Thorium-232 pCi/g 2.85 NC 6.18 6.18 pCi/g Max only 3 samples 

ISCOS Potassium-40 pCi/g 12.85 13.25 16.28 13.25 pCi/g UCL-N 95% Student's-t UCL
Radium-226 pCi/g 0.66 0.72 1.67 0.72 pCi/g UCL-N 95% Student's-t UCL
Thorium-232 pCi/g 1.08 1.18 6.45 1.18 pCi/g UCL-T 95% KM H-UCL
Uranium-238 pCi/g 1.10 NC 1.10 1.10 pCi/g Max only 1 detect 

pCI/g = picocurie per gram J = qualifier for estimated value NA = not available

Notes: ft bgs = feet below ground surface NC = Not calculated
(1) Mean and upper confidence limit (UCL) concentrations are calculated using ProUCL version 5.1.00 for chemicals with at least 5 samples in a dataset and 4 detected values.
(2) Exposure point concentration is the lower value of the maximum concentration and the UCL.
(3) Rationale: UCL-G = upper confidence limit of mean of gamma distribution

UCL-N = upper confidence limit of mean of normal distribution

UCL-NP = upper confidence limit of mean of non-parametric distribution

UCL-T = upper confidence limit of mean of lognormal distribution

Max = maximum detected concentration

TABLE B-3.1e

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Upper 
Confidence 

Limit (1)

Maximum 
Concentration

(Qualifier)

Exposure Point Concentration
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Scenario Timeframe:  Current/Future

Medium:  Soil, Irving Avenue

Exposure Medium:  Soil (0-10 ft bgs)

Exposure Point
Radionuclide of 

Concern
Unit

Mean 
Concentration

Value Unit Statistic Rationale (3)

Soil (0-10 ft bgs)
EPA 901.1 Potassium-40 pCi/g 14.59 19.51 29.62 J 19.51 pCi/g UCL-N 95% Student's-t UCL

Radium-226 pCi/g 6.94 44.84 43.34 43.34 pCi/g Max UCL>MAX
Thorium-232 pCi/g 40.01 198.30 156.20 156.20 pCi/g Max UCL>MAX

ISCOS Potassium-40 pCi/g 12.71 13.26 18.25 13.26 pCi/g UCL-N 95% Student's-t UCL
Radium-226 pCi/g 1.59 5.63 38.65 5.63 pCi/g UCL-NP 95% Chebyshev (Mean,Sd) UCL
Thorium-232 pCi/g 6.11 28.32 209.90 28.32 pCi/g UCL-NP 95% Chebyshev (Mean,Sd) UCL
Uranium-238 pCi/g 1.10 NC 1.10 1.10 pCi/g Max only 1 detect 

pCI/g = picocurie per gram J = qualifier for estimated value NA = not available

Notes: ft bgs = feet below ground surface NC = Not calculated
(1) Mean and upper confidence limit (UCL) concentrations are calculated using ProUCL version 5.1.00 for chemicals with at least 5 samples in a dataset and 4 detected values.
(2) Exposure point concentration is the lower value of the maximum concentration and the UCL.
(3) Rationale: UCL-G = upper confidence limit of mean of gamma distribution

UCL-N = upper confidence limit of mean of normal distribution

UCL-NP = upper confidence limit of mean of non-parametric distribution

UCL-T = upper confidence limit of mean of lognormal distribution

Max = maximum detected concentration

TABLE B-3.1f

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Upper 
Confidence 

Limit (1)

Maximum 
Concentration

(Qualifier)

Exposure Point Concentration
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Scenario Timeframe:  Current/Future

Medium:  Soil, School

Exposure Medium:  Soil (0-10 ft bgs)

Exposure Point
Radionuclide of 

Concern
Unit

Mean 
Concentration

Value Unit Statistic Rationale (3)

Soil (0 -10 ft bgs)
EPA 901.1 Potassium-40 pCi/g 13.38 NC 16.24 16 pCi/g Max only 3 samples 

Radium-226 pCi/g 0.74 NC 0.97 0.97 pCi/g Max only 3 samples 
Thorium-232 pCi/g 0.90 NC 1.22 J 1.22 pCi/g Max only 3 samples 

HASL 300, 4.5.2 Thorium-228 pCi/g 1.30 NC 1.30 1.30 pCi/g Max only 1 sample 
Thorium-230 pCi/g 0.81 NC 0.81 0.81 pCi/g Max only 1 sample 
Uranium-234 pCi/g 0.47 NC 0.47 J 0.47 pCi/g Max only 1 sample 
Uranium-238 pCi/g 2.07 NC 2.07 2.07 pCi/g Max only 1 sample 

pCI/g = picocurie per gram J = qualifier for estimated value NA = not available

Notes: ft bgs = feet below ground surface NC = Not calculated
(1) Mean and upper confidence limit (UCL) concentrations are calculated using ProUCL version 5.1.00 for chemicals with at least 5 samples in a dataset and 4 detected values.
(2) Exposure point concentration is the lower value of the maximum concentration and the UCL.
(3) Rationale: UCL-G = upper confidence limit of mean of gamma distribution

UCL-N = upper confidence limit of mean of normal distribution

UCL-NP = upper confidence limit of mean of non-parametric distribution

UCL-T = upper confidence limit of mean of lognormal distribution

Max = maximum detected concentration

TABLE B-3.1g

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Upper 
Confidence 

Limit (1)

Maximum 
Concentration

(Qualifier)

Exposure Point Concentration
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Scenario Timeframe:Future
Medium:   Groundwater
Exposure Medium:  Groundwater

Value Unit Statistic Rationale (3)

Tap Water Volatile Organic Compounds
Chloroform µg/L 2.4 2.903 3.5 J 2.903 µg/L UCL-N 95% KM (t) UCL
cis-1,2-Dichloroethene µg/L 9.314 23.32 25  23.32 µg/L UCL-G 95% Adjusted Gamma UCL
Tetrachloroethene µg/L 407 548.2 930  548.2 µg/L UCL-N 95% Student's-t UCL
Trichloroethene µg/L 4.38 5.477 7.7 J 5.477 µg/L UCL-N 95% Student's-t UCL
Inorganics   
Arsenic mg/l 0.002 0.003 0.0025 J 0.0025 mg/l MAX Only 3 Detects
Chromium mg/l 0.03 0.07 0.14  0.010 mg/l UCL-NP (4) 95% H-UCL
Cobalt mg/l 0.003 NC 0.0027 J 0.003 mg/l MAX Only 1 Detect
Iron mg/l 0.852 1.23 2.4  1.2 mg/l UCL-N 95% Student's-t UCL
Mercury mg/l 7.45E-05 7.54E-05 0.000075 J- 0.000075 mg/l MAX Only 2 Detects

Selenium mg/l 0.025 0.023 0.032  0.0229 mg/l UCL-N 95% KM (t) UCL based on 3 Detects

µg/kg = microgram per kilogram J = qualifier for estimated value NA = not available
mg/kg = milligram per kilogram  NC = not calculated
Notes:
(1) Mean and upper confidence limit (UCL) concentrations are calculated using ProUCL version 5.1.00 for chemicals with at least 5 samples in a dataset and 4 detected values.
(2) Exposure point concentration is the lower value of the maximum concentration and the UCL.
(3) Rationale: UCL-G = upper confidence limit of mean of gamma distribution

UCL-N = upper confidence limit of mean of normal distribution
UCL-NP = upper confidence limit of mean of non-parametric distribution
Max = maximum detected concentration

(4) Groundwater was analyzed for total chromium; the EPC is for CrVI and assumes a 1 to 6 ratio of the UCL 

Exposure Point Concentration (2)

TABLE B-3.2a
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Exposure Point Chemical of Potential Concern Unit
Mean 

Concentration(1)

Upper 
Confidence 

Limit (1)

Maximum 
Concentration

(Qualifier)
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Scenario Timeframe:Future
Medium:   Groundwater
Exposure Medium:  Groundwater

Value Unit Statistic Rationale (3)

Tap Water Potassium-40 pCi/L NC NC 33.66 J 33.66 pCi/L Max Only 2 detects
Thorium-232 pCi/L NC NC 10.99 J 10.99 pCi/L Max Only 1 detect

pCi/L = picocuries per liter J = qualifier for estimated value NA = not available
 NC = not calculated
(1) Mean and upper confidence limit (UCL) concentrations are calculated using ProUCL version 5.1.00 for chemicals with at least 5 samples in a dataset and 4 detected values.
(2) Exposure point concentration is the lower value of the maximum concentration and the UCL.
(3) Rationale: UCL-G = upper confidence limit of mean of gamma distribution

UCL-N = upper confidence limit of mean of normal distribution
UCL-NP = upper confidence limit of mean of non-parametric distribution
Max = maximum detected concentration

Exposure Point Concentration (2)

TABLE B-3.2b
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Exposure Point Chemical of Potential Concern Unit
Mean 

Concentration(1)

Upper 
Confidence 

Limit (1)

Maximum 
Concentration

(Qualifier)
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Scenario Timeframe:  Future

Medium:  Sediment

Exposure Medium:  Sewer Sediment

Exposure Point
Radionuclude of 

Concern
Unit

Mean 
Concentration

Value Unit Statistic Rationale (2)

Sewer Sediment
 Potassium-40 pCi/g 13.23 NC 31.10 31 pCi/g Max <10 Samples

Radium-226 pCi/g 16.63 NC 27.40 27.40 pCi/g Max <10 Samples
Thorium-232 pCi/g 372.96 NC 1460 1460.00 pCi/g Max <10 Samples

 Uranium-238 pCi/g 20.24 NC 54.40 54.40 pCi/g Max <10 Samples

pCI/g = picocurie per gram J = qualifier for estimated value NA = not available

Notes:
(1) Mean and upper confidence limit (UCL) concentrations are calculated using ProUCL version 5.1.00 for chemicals with at least 5 samples in a dataset and 4 detected values.
(2) Rationale: Max = maximum detected concentration

 

 

 

TABLE B-3.3

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Upper 
Confidence 

Limit (1)

Maximum 
Concentration

(Qualifier)

Exposure Point Concentration
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Scenario Timeframe:  Future

Medium:   Soil

Exposure Medium: Soil

Value
Rationale/ 
Reference

Value
Rationale/ 
Reference

Ingestion Future Adult Surface Soil CS Chemical Concentration in Soil mg/kg Table B-3.1a Table B-3.1a Table B-3.1a Table B-3.1a

Industrial CF Conversion Factor kg/mg 1E-06 -- 1E-06 --

Worker IR-S Ingestion Rate of Soil mg/day 100 EPA 1991 50 (1)

(indoor/outdoor EF Exposure Frequency days/year 250 EPA 2014 219 EPA 2004

worker) ED Exposure Duration years 25 EPA 2014 9 EPA 2004

BW Body Weight kg 80 EPA 2014 80 EPA 2014

AT-C Averaging Time (Cancer) days 25,550 EPA 2014 25,550 EPA 2014

AT-N Averaging Time (Noncancer) days 9,125 EPA 1989 3,285 EPA 1989

Ingestion Future Adult Surface Soil/ CS Chemical Concentration in Soil mg/kg Table B-3.1b Table B-3.1b

Utility /  Subsurface Soil CF Conversion Factor kg/mg 1E-06 --

Construction IR-S Ingestion Rate of Soil mg/day 330 EPA 2002

Worker EF Exposure Frequency days/year 100 (4)

ED Exposure Duration years 1 (4)

BW Body Weight kg 80 EPA 2014

AT-C Averaging Time (Cancer) days 25,550 EPA 2014

AT-N Averaging Time (Noncancer) days 365 EPA 1989

Ingestion Future Resident Adult and Surface Soil CS Chemical Concentration in Soil mg/kg Tables B-3.1a's Tables B-3.1a's Tables B-3.1a's Tables B-3.1a's

Child CF Conversion Factor kg/mg 1E-06 -- 1E-06 --

(birth to <6 yrs) IR-Sa Ingestion Rate of Soil - adult mg/day 100 EPA 2014 50 EPA 2011

IR-Sc Ingestion Rate of Soil - child mg/day 200 EPA 2014 100 EPA 2011

EF Exposure Frequency days/year 350 EPA 2014 350 EPA 2002

EDa Exposure Duration - adult years 20 EPA 2014 9 EPA 2004

EDc Exposure Duration - child years 6 EPA 2014 6 EPA 2004

BWa Body Weight - adult kg 80 EPA 2014 80 EPA 2014

BWc Body Weight - child kg 15 EPA 2014 15 EPA 2014

AT-C Averaging Time (Cancer) days 25,550 EPA 2014 25,550 EPA 2014

AT-Na Averaging Time (Noncancer) - adult days 7,300 EPA 2014 3,285 EPA 2014

AT-Nc Averaging Time (Noncancer) - child days 2,190 EPA 1989 2,190 EPA 1989

Dermal Future Adult Surface Soil CS Chemical Concentration in Soil mg/kg Table B-3.1a Table B-3.1a Table B-3.1a Table B-3.1a

Contact Industrial  CF Conversion Factor kg/mg 1E-06 -- 1E-06 --

Worker SA Skin Surface Area Available for Contact cm2/day 3,470 EPA 2014 3,470 EPA 2014

(indoor/outdoor AF Adherence Factor mg/cm2 0.3 EPA 2004 0.3 EPA 2004

worker) ABS Absorption Factor unitless chemical specific Table B-4.8 chemical specific Table B-4.8

EF Exposure Frequency days/year 250 EPA 2014 219 EPA 2004

ED Exposure Duration years 25 EPA 2014 9 EPA 2004

BW Body Weight kg 80 EPA 2014 80 EPA 2014

AT-C Averaging Time (Cancer) days 25,550 EPA 2014 25,550 EPA 2014

AT-N Averaging Time (Noncancer) days 9,125 EPA 1989 3,285 EPA 1989

TABLE B-4.1

VALUES USED FOR DAILY INTAKE CALCULATIONS FOR SOIL EXPOSURE PATHWAYS TO CHEMICALS

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure 
Route

Receptor 
Population

Receptor Age Exposure Point
Parameter 

Code
Parameter Definition Unit

RME CTE

Not Evaluated
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Scenario Timeframe:  Future

Medium:   Soil

Exposure Medium: Soil

Value
Rationale/ 
Reference

Value
Rationale/ 
Reference

TABLE B-4.1

VALUES USED FOR DAILY INTAKE CALCULATIONS FOR SOIL EXPOSURE PATHWAYS TO CHEMICALS

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure 
Route

Receptor 
Population

Receptor Age Exposure Point
Parameter 

Code
Parameter Definition Unit

RME CTE

Dermal Future Adult Surface Soil/ CS Chemical Concentration in Soil mg/kg Table B-3.1b Table B-3.1b

Contact Utility / Subsurface Soil CF Conversion Factor kg/mg 1E-06 --

Construction SA Skin Surface Area Available for Contact cm2/day 3,470 EPA 2014

Worker AF Adherence Factor mg/cm2 0.3 EPA 2004

ABS Absorption Factor unitless chemical specific Table B-4.8

EF Exposure Frequency days/year 100 (4)

ED Exposure Duration years 1 (4)

BW Body Weight kg 80 EPA 2014

AT-C Averaging Time (Cancer) days 25,550 EPA 2014

AT-N Averaging Time (Noncancer) days 365 EPA 1989

Dermal Future Resident Adult and Surface Soil CS Chemical Concentration in Soil mg/kg Tables B-3.1a's Tables B-3.1a's Tables B-3.1a's Tables B-3.1a's

Contact Child CF Conversion Factor kg/mg 1E-06 -- 1E-06 --

(birth to <6 yrs) SAa Skin Surface Area Available for Contact - adult cm2/day 6,032 EPA 2014 6,032 EPA 2014

SAc Skin Surface Area Available for Contact - child cm2/day 2,690 EPA 2014 2,690 EPA 2014

AFa Adherence Factor - adult mg/cm2 0.07 EPA 2014 0.01 EPA 2004

AFc Adherence Factor - child mg/cm2 0.2 EPA 2014 0.04 EPA 2004

ABS Absorption Factor unitless chemical specific Table B-4.8 chemical specific Table B-4.8

EF Exposure Frequency days/year 350 EPA 2014 350 EPA 2014

EDa Exposure Duration - adult years 20 EPA 2014 9 EPA 2004

EDc Exposure Duration - child years 6 EPA 2014 6 EPA 2004

BWa Body Weight - adult kg 80 EPA 2014 80 EPA 2014

BWc Body Weight - child kg 15 EPA 2014 15 EPA 2014

AT-C Averaging Time (Cancer) days 25,550 EPA 2014 25,550 EPA 2014

AT-Na Averaging Time (Noncancer) - adult days 7,300 EPA 2014 3,285 EPA 2014

AT-Nc Averaging Time (Noncancer) - child days 2,190 EPA 1989 2,190 EPA 1989

Inhalation Future Adult Surface Soil CS Chemical Concentration in Soil mg/kg Table B-3.1a Table B-3.1a Table B-3.1a Table B-3.1a

Industrial  CA Chemical Concentration in Air mg/m3 calculated calculated calculated calculated

Worker ET Exposure Time hrs/day 8.8 (2) 4.4 (3)

(indoor/outdoor EF Exposure Frequency days/year 250 EPA 2014 219 EPA 2004

worker) ED Exposure Duration years 25 EPA 2014 9 EPA 2004

VF Volatilization Factor m3/kg chemical specific Table B-4.8 chemical specific Table B-4.8

PEF Particulate Emission Factor m3/kg 7.87E+08 Table B-4.9 7.87E+08 Table B-4.9

AT-C Averaging Time (Cancer) hrs 613,200 EPA 2014 613,200 EPA 2014

AT-N Averaging Time (Noncancer) hrs 219,000 EPA 1989 78,840 EPA 1989

Not Evaluated
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Scenario Timeframe:  Future

Medium:   Soil

Exposure Medium: Soil

Value
Rationale/ 
Reference

Value
Rationale/ 
Reference

TABLE B-4.1

VALUES USED FOR DAILY INTAKE CALCULATIONS FOR SOIL EXPOSURE PATHWAYS TO CHEMICALS

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure 
Route

Receptor 
Population

Receptor Age Exposure Point
Parameter 

Code
Parameter Definition Unit

RME CTE

Inhalation Future Adult Surface Soil CS Chemical Concentration in Soil mg/kg Table B-3.1b Table B-3.1b

Utility / CA Chemical Concentration in Air mg/m3 calculated calculated
Construction ET Exposure Time hrs/day 8 EPA 2009

Worker CF2 Conversion Factor 2 hrs/day 24 --
EF Exposure Frequency days/year 100 (4)

ED Exposure Duration years 1 (4)

VF Volatilization Factor m3/kg chemical specific Table B-4.8

PEF Particulate Emission Factor m3/kg 7.87E+08 Table B-4.9

AT-C Averaging Time (Cancer) hrs 613,200 EPA 2014

AT-N Averaging Time (Noncancer) hrs 8,760 EPA 1989

Inhalation Future Resident Adult and Surface Soil CS Chemical Concentration in Soil mg/kg Tables B-3.1a's Tables B-3.1a's Tables B-3.1a's Tables B-3.1a's

Child CA Chemical Concentration in Air mg/m3 calculated calculated calculated calculated

(birth to <6 yrs) ETa Exposure Time - adult hrs/day 24 EPA 2014 24 EPA 2014

ETc Exposure Time - child hrs/day 24 EPA 2014 24 EPA 2014

EF Exposure Frequency days/year 350 EPA 2014 350 EPA 2014

EDa Exposure Duration - adult years 20 EPA 2014 9 EPA 2004

EDc Exposure Duration - child years 6 EPA 2014 6 EPA 2004

VF Volatilization Factor m3/kg chemical specific Table B-4.8 chemical specific Table B-4.8

PEF Particulate Emission Factor m3/kg 7.87E+08 Table B-4.9 7.87E+08 Table B-4.9

AT-C Averaging Time (Cancer) hrs 613,200 EPA 2014 613,200 EPA 2014

AT-Na Averaging Time (Noncancer) - adult hrs 175,200 EPA 2014 78,840 EPA 2014

AT-Nc Averaging Time (Noncancer) - child hrs 52,560 EPA 1989 52,560 EPA 1989

RME =  Reasonable Maximum Exposure; CTE = Central Tendency Exposure

Notes:
(1) CTE ingestion rate is assumed to be one half the RME value
(2) based on 2,200 hours per year exposure and exposure frequency of 250 days per year
(3) assumes one-half RME exposure frequency or exposure time
(4) assumes 5 months (100 workdays) per year for one year
Sources:
  EPA 1989. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002.
  EPA 1991. Human Health Evaluation Manual, Supplemental Guidance; "Standard Default Exposure Factors". OSWER Directive 9285.6-03.
  EPA 2002. Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24.
  EPA 2004. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part E, Supplemental Guidance for Dermal Risk Assessment Final. EPA/540/R/99/005.
  EPA 2009. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part F, Supplemental Guidance for Inhalation Risk Assessment. EPA-540-R-070-002.
  EPA 2011. Exposure Factors Handbook: 2011 Edition. EPA/600/R-090/052F. September.
  EPA 2014. Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors. OSWER Directive 9200.1-120. February 6. 

Not Evaluated
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Scenario Timeframe:  Future

Medium:   Sewer Sediment

Exposure Medium: Sediment

Value
Rationale/ 
Reference

Value
Rationale/ 
Reference

Ingestion Future Adult Sewer Sediment CS Chemical Concentration in Sediment mg/kg Table B-3.3 Table B-3.3

Utility / CF Conversion Factor kg/mg 1E-06 --

Construction IR-S Ingestion Rate of Sediment mg/day 330 EPA 2002

Worker EF Exposure Frequency days/year 20 (1)

ED Exposure Duration years 1 (1)

BW Body Weight kg 80 EPA 2014

AT-C Averaging Time (Cancer) days 25,550 EPA 2014

AT-N Averaging Time (Noncancer) days 365 EPA 1989

Dermal Future Adult Sewer Sediment CS Chemical Concentration in Sediment mg/kg Table B-3.3 Table B-3.3

Contact Utility / CF Conversion Factor kg/mg 1E-06 --

Construction SA Skin Surface Area Available for Contact cm2/day 3,470 EPA 2014

Worker AF Adherence Factor mg/cm2 0.3 EPA 2004

ABS Absorption Factor unitless chemical specific Table B-4.8

EF Exposure Frequency days/year 20 (1)

ED Exposure Duration years 1 (1)

BW Body Weight kg 80 EPA 2014

AT-C Averaging Time (Cancer) days 25,550 EPA 2014

AT-N Averaging Time (Noncancer) days 365 EPA 1989

RME =  Reasonable Maximum Exposure; CTE = Central Tendency Exposure

Notes:
(1) assumes 5 days per week for 4 weeks for one year
`

Sources:
  EPA 1989. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002.
  EPA 2002. Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24.
  EPA 2004. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part E, Supplemental Guidance for Dermal Risk Assessment Final. EPA/540/R/99/005.
  EPA 2014. Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors. OSWER Directive 9200.1-120. February 6. 

TABLE B-4.2

VALUES USED FOR DAILY INTAKE CALCULATIONS FOR SEDIMENT EXPOSURE PATHWAYS TO CHEMICALS

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure 
Route

Receptor 
Population

Receptor Age Exposure Point
Parameter 

Code
Parameter Definition Unit

RME CTE

Not Evaluated

Not Evaluated
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For Workers
Ingestion Pathway, Cancer Ingestion Pathway, Non-Cancer

CS x CF x IR-S x EF x ED CS x CF x IR-S x EF x ED
BW x AT-C BW x AT-N

Dermal Contact Pathway, Cancer Dermal Contact Pathway

Inhalation Pathway, Cancer Inhalation Pathway. Non-Cancer
EC = CA x ET x EF x ED / AT-C EC = CA x ET x EF x ED / AT-N

where CA = CS/VF where CA = CS/VF
and/or where CA = CS/PEF

Sources:
  EPA 1989. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002.
  EPA 2004. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part E, Supplemental Guidance for 
  Dermal Risk Assessment Final. EPA/540/R/99/005.
  EPA 2009. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part F, Supplemental Guidance for 
  Inhalation Risk Assessment. EPA-540-R-070-002.

DI Daily intake mg/kg-day
CS Chemical Concentration in Soil/Sediment mg/kg
CF Conversion Factor kg/mg
IR-S Ingestion Rate of Soil/Sediment mg/day
SA Skin Surface Area Available for Contact cm2/day
AF Adherence Factor mg/cm2

ABS Absorption Factor unitless
EC Exposure Concentration mg/m3

CA Chemical Concentration in Air mg/m3

VF Volatilization Factor m3/kg
ET Exposure Time hrs/day
EF Exposure Frequency days/year
ED Exposure Duration years
BW Body Weight kg
AT-C Averaging Time (Cancer) days or hrs

AT-C = 70 years x 365 days /year
AT-N Averaging Time (Noncancer) days or hrs

AT-N = ED x 365 days/year
AT-N = ED x 365 days/year x 24 hr/day -- inhalation pathway

TABLE B-4.3
EQUATIONS USED FOR DAILY INTAKE CALCULATIONS FOR SOIL AND SEDIMENT EXPOSURE PATHWAYS FOR CHEMICALS OF CONCERN

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

DI = DI =

DI =
CS x CF x SA x AF x ABS x EF x ED

BW x AT-C
DI =

CS x CF x SA x AF x ABS x EF x ED
BW x AT-N
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For Future  Residents
Ingestion Pathway

Carcinogenic Nonmutagen

Carcinogenic Mutagen (Reasonable Maximum Exposure)

Carcinogenic Mutagen (Central Tendency Exposure)

Non-carcinogenic adult Non-carcinogenic child

Dermal Contact Pathway
Carcinogenic Nonmutagen

Carcinogenic Mutagen (Reasonable Maximum Exposure)

Carcinogenic Mutagen (Central Tendency Exposure)

Non-carcinogenic adult Non-carcinogenic child

Inhalation Pathway
Carcinogenic Nonmutagen

EC = CA x {(ETa x EDa)+(ETc x EDc)} x EF / AT

Carcinogenic Mutagen (Reasonable Maximum Exposure)

EC = CA x {(2yr x10xETc)+(4yr x3xETc)+(10yr x3xETa)+(14yr x1xETa)} x EF / AT

Carcinogenic Mutagen (Central Tendency Exposure)

EC = CA x {(2yr x10xETc)+(4yr x3xETc)+(9yr x3xETa)} x EF / AT Non-carcinogenic child

Non-carcinogenic adult EC = CA x ETc x EDc x EF / AT-Nc

EC = CA x ETa x EDa x EF / AT-Na

DI =
CS x CF x {(IR-Sa x EDa/BWa) + (IR-Sc x EDc/BWc)} x EF

AT

DI =
CS x {(2yr xIR-Scx10/BWc) + (4yr xIR-Scx3/BWc) + (10yr xIR-Sax3/BWa) + (14yr xIR-Sax1/BWa)} x EF x CF 

AT

DI =
CS x {(2yr xIR-Scx10/BWc) + (4yr xIR-Scx3/BWc) + (9yr xIR-Sax3/BWa)} x EF x CF

AT

DI =
CS x {(2yr xSAcxAFcx10/BWc)+(4yr xSAcxAFcx3/BWc)+(9yr xSAaxAFax3/BWa)} x ABS x EF x CF

AT

DI =
CS x {(SAaxAFaxEDa/BWa) + (SAcxAFcxEDc/BWc)} x ABS x EF x CF

AT

DI =
CS x {(2yr xSAcxAFcx10/BWc)+(4yr xSAcxAFcx3/BWc)+(10yr xSAaxAFax3/BWa)+(14yr xSAaxAFax1/BWa)} x ABS x EF x CF

AT

DI =
CS x CF x IR-Sa x EDa x EF

AT-Na x BWa

DI =
CS x CF x IR-Sa x EDc x EF

AT-Nc x BWc

DI =
CS x Saa x AFa x  EDa x ABS x EF x CF

DI =
CS x Sac x AFc x  EDc x ABS x EF x CF

AT-Na x BWa AT-Nc x BWc
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Future Resident
DI Daily intake mg/kg-day
CS Chemical Concentration in Soil mg/kg
CF Conversion Factor kg/mg
IR-Sa Ingestion Rate of Soil - adult mg/day

IR-Sc Ingestion Rate of Soil - child mg/day

SAa Skin Surface Area Available for Contact - adult cm2

SAc Skin Surface Area Available for Contact - child cm2

AFa Adherence Factor - adult mg/cm2

AFc Adherence Factor - child mg/cm2

ABS Absorption Factor unitless
EC Exposure Concentration mg/m3

CA Chemical Concentration in Air mg/m3

VF Volatilization Factor m3/kg
PEF Particulate Emission Factor m3/kg
ETa Exposure Time - adult hrs/day

ETc Exposure Time - child hrs/day

EF Exposure Frequency days/year
EDa Exposure Duration - adult years

EDc Exposure Duration - child years

BWa Body Weight - adult kg

BWc Body Weight - child kg

AT-C Averaging Time (Cancer) days or hrs
AT-C = 70 years x 365 days /year
AT-C = 70 years x 365 days /year x 24 hr/day -- inhalation pathway

AT-Na Averaging Time (Noncancer) - adult days or hrs

AT-Nc Averaging Time (Noncancer) - child days or hrs

AT-N = ED x 365 days/year
AT-N = ED x 365 days/year x 24 hr/day -- inhalation pathway

Note : subscripts are used  in combination with parameter to indicate adult [a] and child [c]
Sources:
  EPA 1989. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002.
  EPA 2004. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part E, Supplemental Guidance for 
  Dermal Risk Assessment Final. EPA/540/R/99/005.
  EPA 2009. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part F, Supplemental Guidance for 
  Inhalation Risk Assessment. EPA-540-R-070-002.
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TABLE B-4.4
VALUES USED FOR DAILY INTAKE CALCULATIONS FOR GROUNDWATER EXPOSURE PATHWAYS

Scenario Timeframe:  Future
Medium:   Groundwater
Exposure Medium: Groundwater

Value
Rationale/ 
Reference

Value
Rationale/ 
Reference

Ingestion Resident Adult/Child Tap Water CW Chemical Concentration in Water µg/L Table B-3.2a Table B-3.2a Table B-3.2a Table B-3.2a
CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 --

IR-Wa Ingestion Rate of Water, adult L/day 2.5 EPA 2014 0.7 EPA 2011(1)

IR-Wc Ingestion Rate of Water, child L/day 0.78 EPA 2014 0.3 EPA 2011(1)

BWa Body Weight, adult kg 80 EPA 2002 80 EPA 2002

BWc Body Weight, child kg 15 EPA 2002 15 EPA 2002

EDa Exposure Duration, adult years 20 EPA 2004 9 EPA 1997

 EDc Exposure Duration, child years 6 EPA 2004 6 EPA 1991

EF Exposure Frequency days/year 350 EPA 2002 350 EPA 2002
 AT-C Averaging Time (Cancer) days 25,550 EPA 1989 25,550 EPA 1989

AT-Na Averaging Time (Noncancer) - adult days 7,300 EPA 1989 3,285 EPA 1989

AT-Nc Averaging Time (Noncancer) - child days 2,190 EPA 1989 2,190 EPA 1989

Dermal Resident Adult/Child Tap Water CW Chemical Concentration in Water µg/L Table B-3.2a Table B-3.2a Table B-3.2a Table B-3.2a
Contact (Showering CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 --

and Bathing) SAa Skin Surface Area Available for Contact - adult cm2 20,900 EPA 2014 20,900 EPA 2014

SAc Skin Surface Area Available for Contact - child cm2 6,378 EPA 2014 6,378 EPA 2014

DAevent Absorbed dose mg/cm2 chemical specific Table B-4.8 chemical specific Table B-4.8

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ETa Exposure Time - adult hr/day 0.71 EPA 2014 0.355 (2)

ETc Exposure Time - child hr/day 0.54 EPA 2014 0.27 (2)

EF Exposure Frequency days/year 350 EPA 2004 350 EPA 2004
EDa Exposure Duration - adult years 20 EPA 2004 9 EPA 2004

EDc Exposure Duration - child years 6 EPA 2004 6 EPA 1991

BWa Body Weight kg 80 EPA 2004 80 EPA 2004

BWc Body Weight - child kg 15 EPA 2004 15 EPA 2004

AT-C Averaging Time (Cancer) days 25,550 EPA 1989 25,550 EPA 1989
AT-Na Averaging Time (Noncancer) - adult days 7,300 EPA 1989 3,285 EPA 1989

AT-Nc Averaging Time (Noncancer) - child days 2,190 EPA 1989 2,190 EPA 1989

Inhalation Resident Adult/Child Tap Water CW Chemical concentration in groundwater µg/L Table B-3.2a Table B-3.2a Table B-3.2a Table B-3.2a

(Showering CA Chemical concentration in air µg/m3 Tables D-3 or D-4 Tables D-3 or D-4 Tables D-3 or D-4 Tables D-3 or D-4

and Bathing) CF Conversion factor mg/µg 0.001 -- 0.001 --
ETa Exposure time - adult hr/day 0.71 EPA 2014 0.355 (2)

ETc Exposure time - child hr/day 0.54 EPA 2014 0.27 (2)

EF Exposure frequency days/yr 350 EPA 2004 350 EPA 2004
EDa Exposure Duration, adult years 20 EPA 2004 9 EPA 1997

EDc Exposure duration, child years 6 EPA 2004 6 EPA 1991

AT-C Averaging time (Cancer) hrs 613,200 EPA 2009 613,200 EPA 2009
AT-Na Averaging time (Noncancer) - adult hrs 175,200 EPA 2009 78,840 EPA 2009

AT-Nc Averaging time (Noncancer) - child hrs 52,560 EPA 2009 52,560 EPA 2009

RME CTE

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Exposure 
Route

Receptor 
Population

Receptor 
Age

Exposure 
Point

Parameter 
Code

Parameter Definition Unit
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TABLE B-4.4
VALUES USED FOR DAILY INTAKE CALCULATIONS FOR GROUNDWATER EXPOSURE PATHWAYS

Scenario Timeframe:  Future
Medium:   Groundwater
Exposure Medium: Groundwater

Value
Rationale/ 
Reference

Value
Rationale/ 
Reference

RME CTE

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Exposure 
Route

Receptor 
Population

Receptor 
Age

Exposure 
Point

Parameter 
Code

Parameter Definition Unit

Ingestion Commercial Adult Tap Water CW Chemical Concentration in Water µg/L Table B-3.2a Table B-3.2a
Worker CF1 Conversion Factor 1 mg/µg 0.001 --

IR-W Ingestion Rate of Water L/day 2.5 EPA 2014
EF Exposure Frequency days/year 250 EPA 2014
ED Exposure Duration years 25 EPA 2014
BW Body Weight kg 80 EPA 2014

AT-C Averaging Time (Cancer) days 25,550 EPA 2014
AT-N Averaging Time (Noncancer) days 9,125 EPA 1989

Dermal Commercial Adult Tap Water CW Chemical Concentration in Water µg/L Table B-3.2a Table B-3.2a

Contact Worker   CF1 Conversion Factor 1 mg/µg 0.001 --
Hand 

Washing
SA Skin Surface Area Available for Contact cm2 3,470 EPA 2014

DAevent Absorbed dose mg/cm2 chemical specific Table B-4.8

CF2 Conversion Factor 2 L/cm3 0.001 --

ET Exposure Time hrs/day 0.1 Prof. judgement

EF Exposure Frequency days/year 250 EPA 2014

ED Exposure Duration years 25 EPA 2014

BW Body Weight kg 80 EPA 2014

AT-C Averaging Time (Cancer) days 25,550 EPA 2014

AT-N Averaging Time (Noncancer) days 9,125 EPA 1989

Inhalation Commercial Adult Tap Water CW Chemical concentration in groundwater µg/L Table B-3.2a Table B-3.2a

Worker
Hand 

Washing
CA Chemical concentration in air µg/m3 =CW*0.5 L/m3 EPA 2016

 CF Conversion factor mg/µg 0.001 --

ETa Exposure time - adult hr/day 0.1 Prof. judgement

EF Exposure frequency days/yr 250 EPA 2004

EDa Exposure Duration, adult years 25 EPA 2004

AT-C Averaging time (Cancer) hrs 613,200 EPA 2009

AT-Na Averaging time (Noncancer) - adult hrs 219,000 EPA 2009

RME =  Reasonable Maximum Exposure; CTE = Central Tendency Exposure

Notes:
(1) based on the mean drinking water ingestion rate for adult (7 to ≥21 years) and children (0 to <6 years) (Table 3-1)
(2) The time spent showering and bathing for CTE scenarios is one-half the value of RME. 
 
Sources:
  EPA 1989. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002
  EPA 1991. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Supplemental Guidance, Standard Default Exposure Factors. Interim Final. OSWER Directive 9285.6-03
  EPA 1997. Exposure Factors Handbook, Vols. I, II, and III. EPA/600/P-95/002Fa, 002Fb, and 002Fc.
  EPA 2002. Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24
  EPA 2004. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part E, Supplemental Guidance for Dermal Risk Assessment Final. EPA/540/R/99/005
  EPA 2009. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part F, Supplemental Guidance for Inhalation Risk Assessment. EPA-540-R-070-002
  EPA 2011: Exposure Factors Handbook. ORD. EPA/600/R-10/030. October.
  EPA 2014. Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors. OSWER Directive 9200.1-120. February 6.
  EPA 2016. Regional Screening Levels, May 2016, Default voltilization factor

Not evaluated

Not evaluated

Not evaluated
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Ingestion Pathway
Carcinogenic

Non-carcinogenic - child

Dermal Contact Pathway
Carcinogenic

Non-carcinogenic - child

Inhalation Pathway
Carcinogenic

EC = CF1 x CAa x ETa x EDa x EF / AT-C + CF1 x CAc x ETc x EDc x EF / AT-C

Non-carcinogenic - child
EC = CF1 x CAc x ETc x EDc x EF / AT-Nc

Sources:
  EPA 1989. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002.
  EPA 2004. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part E, Supplemental Guidance for 
  Dermal Risk Assessment Final. EPA/540/R/99/005.

TABLE B-4.5
EQUATIONS USED FOR DAILY INTAKE CALCULATIONS FOR GROUNDWATER EXPOSURE PATHWAYS

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

DI =
CW x CF1 x IR-Wa x EDa x EF

+
CW x CF1 x IR-Wc x EDc x EF

AT-C x BWa AT-C x BWc

DI =
CW x CF1 x IR-Wc x EDc x EF

AT-Nc x BWc

DAD =
SAa x DAevent-a x EDa x EF

AT-C x BWa
+

SAc x DAevent-c x EDc x EF

AT-C x BWc

DAD =
SAc x DAevent-c x EDc x EF

AT-Nc x BWc
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TABLE B-4.5
EQUATIONS USED FOR DAILY INTAKE CALCULATIONS FOR GROUNDWATER EXPOSURE PATHWAYS

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

DI Daily intake mg/kg-day
DAD Dermally Absorbed Dose mg/kg-day
CW Chemical Concentration in Water µg/L
CF1 Conversion Factor 1 mg/µg
IR-Wa Ingestion Rate of Water - adult L/day

IR-Wc Ingestion Rate of Water - child L/day

SAa Skin Surface Area Available for Contact - adult cm2/day

SAc Skin Surface Area Available for Contact - child cm2/day

DAevent-a Absorbed Dose - adult (Table B-4.2) mg/cm2

DAevent-c Absorbed Dose - child (Table B-4.2) mg/cm2

EC Exposure Concentration mg/m3

CAa Chemical Concentration in Air - adult (Table D-3) µg/m3

CAc Chemical Concentration in Air - child (Table D-4) µg/m3

ETa Exposure Time - adult hrs/day

ETc Exposure Time - child hrs/day

EF Exposure Frequency days/year
EDa Exposure Duration - adult years

EDc Exposure Duration - child years

BWa Body Weight - adult kg

BWc Body Weight - child kg

AT-C Averaging Time (Cancer) days or hrs
AT-C = 70 years x 365 days /year

AT-Na Averaging Time (Noncancer) - adult days or hrs

AT-Nc Averaging Time (Noncancer) - child days or hrs

AT-N = ED x 365 days/year
AT-N = ED x 365 days/year x 24 hr/day -- inhalation pathway
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TABLE B-4.6
VALUES USED IN THE RESRAD MODEL FOR EXPOSURES TO RADIONUCLIDES

RESRAD Parameter Units
RESRAD 
Default

Site Values Used in 
RESRAD

Site Values Used in 
the PRG Calculator

Receptor or Scenario Comment/Reference

Exposure duration yr 30  RESRAD Default for Residents Recommended value for residents in EPA 1989 standard RAGS equations

25 25 Commercial Indoor Worker EPA 2014
25 Industrial Worker EPA 2014

25
Composite Worker ( Comparable to 
Industrial Worker)

1 1 Utility/Construction Worker Assumes 5 months (250 or 100 workdays) per year for one year
26 26 Future Resident (adult/child) EPA 2014
26 NE Public (adult/child) Conservatively assumes residential exposure duration
26 NE Offsite Receptors (adult/child) Conservatively assumes residential exposure duration

Exposure Time
hours per 

day
NA 8

Commercial Indoor Worker EPA 2014

NA 8.8
Composite Worker ( Comparable to 
Industrial Worker)

Assumes 2,200 hours per year

NA 24 Future Resident (adult/child) EPA 2014
8 Utility/Construction Worker EPA 2002

NE Public (adult/child) Evaluated qualitatively
NE Offsite Receptors (adult/child) Evaluated qualitatively

Exposure Frequency
Days per 

year
NA 250

Commercial Indoor Worker EPA 2014

NA 250
Composite Worker ( Comparable to 
Industrial Worker)

Assumes 2,200 hours per year

NA 350 Future Resident (adult/child) EPA 2014
100 Utility/Construction Worker Site-specific, assumes worker spends 5 months per year working on-site
NE Public (adult/child) Evaluated qualitatively
NE Offsite Receptors (adult/child) Evaluated qualitatively

Exposure Duration Years NA 25 Commercial Indoor Worker

NA 25
Composite Worker ( Comparable to 
Industrial Worker)

Assumes 2,200 hours per year

NA 26 Future Resident (adult/child)
1 Utility/Construction Worker

NE Public (adult/child) Evaluated qualitatively
NE Offsite Receptors (adult/child) Evaluated qualitatively

Fraction of time spent indoors unitless    Fraction of hours in a year (365 x 24= 8760 hours) spent indoors on-site.

NA 0.22 NA Commercial Indoor Worker Site-specific, assumes worker spends 95% of their working day indoors. 
Fraction = (250*8/8760)*0.95

0.17 0.13 8 hr/day
Industrial Worker Site-specific, assumes worker spends 50% of their working day for 250 

days per year indoors onsite. Assumes 2,220 hours per year. Fraction = 
(2200/8760)*0.5

0.5 0.66 16.416 hr/day Future Resident (adult/child)
RESRAD set to PRG Calculator default:16.4 hr/day for 350 days/yr for 
resident .Fraction = 350*16.416/8760

0 8 hr/day Utility/Construction Worker Site-specific, assumes worker does not spend anytime indoors
0 NA Public (adult/child) Public is not evaluated for onsite indoor exposure

0.5 NA NA
Offsite Receptors (Residents -
adult/child)

Offsite receptors are not quantitatively evaluated 

Fraction of time spent outdoors (onsite) unitless    Fraction of hours in a year (365 x 24= 8760 hours) spent outdoors on-site.

0.25 0.01 NA
Commercial Indoor Worker Site-specific, assumes worker spends 5% of their working day indoors. 

Fraction = (250*8/8760)*0.05

0.73 0.06 0.13 8 hr/day
Industrial Worker Site-specific, assumes worker spends 50% of their working day for 250 

days per year outdoors onsite. Assumes 2,220 hours per year. Fraction = 
(2200/8760)*0.5

0.25 0.07 1.752 hr/day Future Resident (adult/child)
RESRAD set to PRG Calculator default:1.752 hr/day for 350 days/yr for 
resident .Fraction = 350*1.752/8760

0.09 NA
Utility/Construction Worker Site-specific, assumes worker spends 100% of their working day for 100 

days per year outdoors onsite 

0.02 NA Public (adult/child) Evaluated qualitatively

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Exposure Assumptions
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TABLE B-4.6
VALUES USED IN THE RESRAD MODEL FOR EXPOSURES TO RADIONUCLIDES

RESRAD Parameter Units
RESRAD 
Default

Site Values Used in 
RESRAD

Site Values Used in 
the PRG Calculator

Receptor or Scenario Comment/Reference

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Inhalation rate m3/yr    Average inhalation rate over entire 365-day year

 NA 7,300 NA
Commercial Indoor Worker Assumes average inhalation rate of 20 m3/day ( EPA 2002) . Note that the 

inhalation rate is a yearly rate for 365 days per year. The occupancy factor 
adjusts the inhalation rate to 250 days/year for 8 hours per day. 

 11,400 15,000 60 m3/day

Industrial Worker Assumes average inhalation rate of 2.5 m3/hr or 60 m3/day. Note that the 
inhalation rate is a yearly rate for 365 days per year. The occupancy factor 
adjusts the inhalation rate to 250 days/year for 8.8 hours per day. 

 60 m3/day
Composite Worker ( Comparable to 
Industrial Worker)

 11,400 11,400 15,000 Utility/Construction Worker RESRAD conservative default for workers

  8,400 8,531 TWA -161,000 m3 Future Resident (adult/child)

The adjusted RESRAD value is obtained by dividing the PRG value 

(161,000 m3) by 26 (yr), and the total time fraction on site (0.726) or 

(161,000/26/0.726 = 8,531 m3/yr). 

  NA NA Public (adult/child) Evaluated qualitatively
  NA NA Offsite Receptors (adult/child) Evaluated qualitatively

Mass loading for inhalation g/m3    
Similar to 1/PEF; region-specific PEF values are estimated using Soil 
Screening Guidance equations

0.0001 0.0001
All receptors except utility/construction 
workers

0.0006 Utility/construction workers Site Specific, see DCH Section 35
Indoor filtration factor unitless 0.4  All  receptors Fraction of outdoor air that is filtered/diluted; 1.0  = no filtering/dilution

0.4 All  receptors RESRAD default
Shielding factor, external gamma unitless 0.7  All receptors Fraction of outdoor gamma that is shielded; 1.0 = no shielding

0.7 0.4 Building occupant
Assume that the external gamma radiation level indoors is 30% lower than 
the outdoor gamma radiation level

Shape factor flag, external  gamma unitless 1 1 All  receptors Default= uniform circular

determined in RESRAD All  receptors
Determined in RESRAD from contaminated zone areas. Receptor is 
assumed to be in center of contaminated zone.

Soil ingestion rate g/yr 36.5  RESRAD Default for Residents
Average over entire 365-day year; default equivalent to 100 mg/day for all 
receptors

12.5 Commercial Indoor Worker 50 mg/day for commercial workers (EFH, EPA 2014)

36.5 36.5 25
Industrial Worker

100 mg/day for industrial (indoors and outdoors) workers (EFH,EPA 2014),
RESRAD is yearly ingestion rate (100 mg/day x 365 days/year x kg/mg) 

25
Composite Worker ( Comparable to 
Industrial Worker)

120.45 Utility/Construction Worker 330 mg/day for utility/construction workers (SSG, EPA 2002)

44.92 59.34 TWA -1,120,000 mg Future Resident (adult/child)

The RESRAD value is obtained by dividing the PRG value (1,120,000 mg) 
by 26 (yr), 1,000 (mg/g), and the total time fraction on site (0.726) or 
(1,120,000/26/1000/0.726= 59.34 g/yr) 

  0 NE Public (adult/child) Public is not evaluated for ingestion of soil
  0 NE Offsite Receptors (adult/child) Offsite receptors are not evaluated for ingestion of soil

Groundwater Ingestion Rate
L/yr

875 736.08 TWA- 19,138 L Future Resident (adult/child)
In the PRG calculator the time-weighted average for residents is the total 
amount of water ingested in 26 years. The RESRAD value is obtained by 
dividing the PRG value (19,138 L) by 26 (yr)  

 L/yr  625
pathway not evalauted 

for indoor workers
Future Commercial Indoor Worker 
(adult)

Equivalent to 2.5 L/day for 250 day/yr onsite

Contamination fraction of water unitless 1 1 Future Resident (adult/child) Assumes all drinking water is obtained from contaminated source

Leafy Vegetable Consumption Rate kg/yr 14 36 36 Future Resident (adult/child)
In the PRG calculator the time-weighted average for residents is the total 
amount of produce ingested in 26 years. The RESRAD value is obtained by 
dividing the PRG value by 26 (yr) and 1000g/kg.  

Leafy Vegetable Consumption Rate kg/yr 160 204 204 Future Resident (adult/child)
In the PRG calculator the time-weighted average for residents is the total 
amount of produce ingested in 26 years. The RESRAD value is obtained by 
dividing the PRG value by 26 (yr) and 1000g/kg.  
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TABLE B-4.6
VALUES USED IN THE RESRAD MODEL FOR EXPOSURES TO RADIONUCLIDES

RESRAD Parameter Units
RESRAD 
Default

Site Values Used in 
RESRAD

Site Values Used in 
the PRG Calculator

Receptor or Scenario Comment/Reference

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Area of contaminated zone m2 10,000
Assumes approximate 

rectangular shapes
AII receptors 

Intake/exposure directly proportional to surface area. Corresponds to 
UMTRCA exposure unit

FWACC Site 3035 5000
Future Industrial Worker,  Future 
Resident 0.75 acre (32669.75 ft2)

Lot 31 (Abandoned rail spur)  

1,115 3,809
Future Industrial Worker, Future 
Utility/Construction Worker, Future 
Resident

Site Specific

Lot 33

1,951
Current and Future Industrial Worker, 
Future Utility/Construction Worker, 
Future Resident

Site Specific

Lot 42

1,115
Current and Future Industrial Worker, 
Future Utility/Construction Worker, 
Future Resident

Site Specific

Lot 44

 

 

186
Current and Future Industrial Worker, 
Future Utility/Construction Worker, 
Future Resident

Site Specific 

Lot 46

186
Current and Future Industrial Worker, 
Future Utility/Construction Worker, 
Future Resident

Site Specific

Lot 48

372
Current and Future Industrial Worker, 
Future Utility/Construction Worker, 
Future Resident

Site Specific

Irving Ave.
272

Public, Future Utility/Construction 
Worker

Site Specific

Cooper Ave.
622

Public, Future Utility/Construction 
Worker

Site Specific

Moffat Street 622
Public, Future Utility/Construction 
Worker

Site Specific

Thickness of contaminated zone m 2 All receptors Intake/exposure can be directly proportional to thickness

 
Depth of contamination above background at each lot varies up to about 28 
ft bgs 

3.048 All  receptors
Although contamination at the site varies in thickness, the contamination 
zone thickness assumed for all receptors was 0 to 10 feet except for 
construction workers for which a depth of is 0 to 14 ft is assumed.

Length parallel to aquifer flow m   Relevant for surface water dependent pathways
110 All  receptors Site Specific estimate based on groundwater flow

Time since placement of material yr 0  

62 All scenarios

Cover depth m 0  All  receptors
Cover of contaminated material will eliminate direct ingestion and inhalation 
pathways

10 cm  or 20 cm  0 All  receptors
An evaluation will be performed for each area for future scenarios assuming 
that the cover depth is 0

0.1524 6" concrete cover -current receptors
1/8"=0.003175m  0.1 - 0.3 All  receptors Sensitivity analysis for current varying cover depths ( 4" to 12") of cover
Density of cover material g/m3 1.5  When a cover is present, the density of concrete is used

2.4 All scenarios http://web.ead.anl.gov/resrad/datacoll/soildens.htm
11.35 Lead shielding, current receptor Density of lead

m/yr 0.001  All scenarios If cover erodes, direct ingestion  and inhalation  pathways are relevant
0.0006 All scenarios See DCH Section 14; 2% slope, no farming/gardening

Density of contaminated zone g/m3 1.5  All scenarios density for sandy soil 
1.6 All scenarios http://www.agriinfo.in/?page=topic&superid=4&topicid=271

Contaminated zone erosion rate m/yr 0.001  All scenarios
Can erode entire contaminated  lens if large enough; assumed 0.0 until 
cover erodes

0.001 to 0.0006 All scenarios The influence of contaminated zone erosion rate will be evaluated 

Site Parameters: Note some of these parameters influence pathways that are not important for the Site

The time estimate (62 years) assumes that material may have been placed 
during the last year Wolff-Alport operated the site in 1954. 

Cover depth erosion rate
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TABLE B-4.6
VALUES USED IN THE RESRAD MODEL FOR EXPOSURES TO RADIONUCLIDES

RESRAD Parameter Units
RESRAD 
Default

Site Values Used in 
RESRAD

Site Values Used in 
the PRG Calculator

Receptor or Scenario Comment/Reference

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Contaminated zone total porosity unitless 0.4  All scenarios  
0.4 All scenarios Mean value for sand/silt

Contaminated zone field capacity unitless 0.2  All scenarios  
0.2 All scenarios Estimated based on 50% of pore volume

Contaminated zone hydraulic conductivity m/yr 10  All scenarios  

30 All scenarios
Value for sand from: Domenico, P.A. and F.W. Schwartz, 1990. Physical 
and Chemical Hydrogeology, John Wiley & Sons, New York, 824 p.

Contaminated zone b parameter unitless 5.3  All scenarios  
4.05 All scenarios Value from RESRAD for sand

Average annual wind speed m/sec 2  All scenarios
US. Climate Data online at: http://www.usclimatedata.com/climate/new-
york/new-york/united-states/usny0996

5.4 All scenarios approximately 12 mph

Humidity in air g/m3 8  All scenarios Only relevant for tritium (hydrogen-3)

8
Default, not relevant for radionuclides of 
concern

 

Evapotranspiration coefficient unitless 0.5  All scenarios

0.5 All scenarios RESRAD default

Precipitation m/yr 1  All scenarios Sec Manual Appendix E and OCH Section 9

1.174 All scenarios
US. Climate Data online at: http://www.usclimatedata.com/climate/new-
york/new-york/united-states/usny0996

Runoff coefficient unitless 0.2  All scenarios  

0.8 All scenarios flat urban  area (70% impervious) 

Watershed  area for nearby stream m2 IE+06  All scenarios Important for surface water dependent pathways
IE+06 RESRAD Default 

Accuracy for water/soil computations unitless 0.001  All scenarios Related  to water/soil  concentration ratios
0.001 RESRAD Default 

Saturated zone density g/m3 1.5  All scenarios  
1.6 Mean value for sand , site specific geology

Saturated zone total porosity unitless 0.4  All scenarios  
0.39 Mean value for coarse sand , site specific geology

Saturated  zone  effective  porosity unitless 0.2  All scenarios  
0.30 Mean value for coarse sand , site specific geology

Saturated zone field capacity unitless 0.2  All scenarios  
0.195 Estimated based on 50% of pore volume

Saturated zone hydraulic conductivity m/yr 100  All scenarios  
3337.56 30 ft/day-9.144 m/day Site Specific measurement

Saturated zone hydraulic gradient unitless 0.02  All scenarios  
0.0006 0.0006 feet per linear feet Site Specific measurement

Saturated zone b parameter unitless 5.3  All scenarios  
4.05 Based on site specific local geology

Water table drop rate m/yr 0.001  All scenarios  
0.001 RESRAD Default Site Specific estimate

Well pump intake depth (m below water table) m 10  All scenarios  
10 RESRAD Default 

Model: Nondispersion (ND) or Mass-Balance (MB) unitless ND  All scenarios  

ND RESRAD default RESRAD Default 
Well pumping rate m3/yr 250  All receptors  

250 RESRAD Default Future Resident (adult/child) Groundwater used for drinking water
Number of unsaturated zone strata unitless I  All scenarios  

2 Fill (15 ft), Upper Glacial(170 ft) Site Specific 
Unsaturated zone thickness m 4  All scenarios  

17.1 56 ft bgs Site Specific measurement (depth to water is 56 to 59 ft bgs)
Unsaturated zone soil density g/m3 1.5  All scenarios density for sandy soil 

1.6 http://www.agriinfo.in/?page=topic&superid=4&topicid=271
Unsaturated  zone total porosity unitless 0.4  All scenarios Mean value of means for coarse and fine sand

0.41 http://web.ead.anl.gov/resrad/datacoll/porosity.htm
Unsaturated  zone  effective  porosity unit less 0.2  All scenarios Mean value for medium sand
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TABLE B-4.6
VALUES USED IN THE RESRAD MODEL FOR EXPOSURES TO RADIONUCLIDES

RESRAD Parameter Units
RESRAD 
Default

Site Values Used in 
RESRAD

Site Values Used in 
the PRG Calculator

Receptor or Scenario Comment/Reference

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

0.32 http://web.ead.anl.gov/resrad/datacoll/porosity.htm
Unsaturated zone field capacity unitless 0.2  All scenarios  

0.205  Estimated based on 50% of pore volume
Unsaturated zone b parameter unitless 5.3  All scenarios  

4.05

Unsaturated zone hydraulic conductivity m/yr 10 30 All scenarios
Value for sand from: Domenico, P.A. and F.W. Schwartz, 1990. Physical 
and Chemical Hydrogeology, John Wiley & Sons, New York, 824 p.

  
Distribution coefficients cm3/g Site-specific All scenarios Radionuclide-specific; impacts all pathways

Thickness of building foundation m 0.15  Building occupant Relevant for radon calculations only
0.15 Typical foundation thickness

Bulk density of building foundation g/m3 2.4  Building occupant Relevant for radon calculations only
2.4 Default for cement

Total porosity of the cover material unitless 0.4  Building occupant Relevant for radon calculations only
0.4 Under evaluation 

Total porosity of the building foundation unitless 0.1  Building occupant Relevant for radon calculations only
0.1 Default value for cement

Volumetric  water constant of the cover material unitless 0.05  Building occupant Relevant for radon calculations only
0.05   

Volumetric water constant of the foundation unitless 0.03  Building occupant Relevant for radon calculations only
0.03 Default value is conservative

Diffusion coefficient for radon gas in cover material unitless 2.00E+06  Building occupant Relevant for radon calculations only
2.00E+06 Default value 

Diffusion coefficient for radon gas in foundation 
material

m/sec 3.00E-07  Building occupant Relevant for radon calculations only

3.00E-07 Default value 
Diffusion coefficient for radon gas in contaminated 
zone soil

m/sec 2.00E-06  Building occupant Relevant for radon calculations only

2.00E-06 Default value 
Radon vertical dimension of mixing m 2  Building occupant Relevant for radon calculations only

2 Default value 
Average building air exchange rate L/hour 0.5  Building occupant Relevant for radon calculations only

0.5 Default value 
Height of the building (room) m 2.5  Building occupant Relevant for radon calculations only

 2.5  Default value 
Building interior area factor unitless 0  Building occupant Relevant for radon calculations only; sec Manual Appendix  C

0  Default value 
Foundation depth below ground surface m -1  Building occupant Relevant for radon calculations only; sec Manual Appendix C

-1  Default value 
Rn-222 emanation coefficient unitless 0.25  Building occupant Relevant for radon calculations only; sec Manual Appendix C

0.25  Default value 
Rn-220 emanation coefficient unitless 0.15  Building occupant Relevant for radon calculations only; sec Manual Appendix C

0.15  Default value 
Pathway - external gamma unitless active Active AII  receptors Sec Manual Appendix A
Pathway - inhalation (w/o radon) unitless active Active Building occupant Sec Manual Appendix B

Active All receptors  

 For this table, general  information  is provided  in the Comment /Reference column when  the  Proposed  Values  is "site-specific.''
Sources:
ANL.1993. Data Collection Handbook to Support Modeling the Impacts of Radioactive Material in Soil 
ANL.2001. User's Manuel for RESRAD Version 6 
EPA. 2002. Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24.
EPA. 2014. Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors. OSWER Directive 9200.1-120. February 6. 

DoD et al. 2000. MARSSIM = Multi-Agency Radiation Survey and Site Investigation  Manual 

Building  Parameters : These parameters are relevant for the radon pathway 
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The RESRAD Model will be used to estimate Cancer Risk from exposure to radionuclides

Exposure Pathway Parameter Description Units
Ingestion  Pathway

Intake ing (pCi)  = C j x IR x  (FOTD + FOND ) x ED x ETFj 
where:

Cj = Concentration of radionuclide "j"    pCi/g or pCi/L

IR = ingestion rate g/year or L/year
ED = Exposure Duration years

FOTD =
Outdoor time fraction (fraction of total year exposed to 
contaminant while outdoors)

dimensionless

FINTD =
Indoor time fraction (fraction of total year exposed to 
contaminant while indoors)

dimensionless

ETFj =
Environmental transport factor radionuclide "j"; could be 
an area factor; a cover and depth factor, radiological 
ingrowth and decay, etc.

unitless

Inhalation Pathway
Intake inh (pCi)  = C j x VR X ASR x ED [FOTD + (FIND x Df i) ] x ETFj 

where:
Cj = Concentration of radionuclide "j"    pCi/g or pCi/L

VR = ventilation inhalation rate m3/day
ED = Exposure Duration years

FOTD =
Outdoor time fraction (fraction of total year exposed to 
contaminant while outdoors)

dimensionless

FINTD =
Indoor time fraction (fraction of total year exposed to 
contaminant while indoors)

dimensionless

Dfi = Dilution factor for indoor inhalation unitless

ETFj =
Environmental transport factor radionuclide "j"; could be 
an area factor; a cover and depth factor, radiological 
ingrowth and decay, etc.

unitless

Direct Gamma Pathway
Exposure (pCi-year / g)  = C j x  ED x [FOTD + (FIND x GSF)] x ETFj 

where:
Cj = Concentration of radionuclide "j"   in some medium  pCi/g or pCiL

ED = Exposure Duration years

FOTD =
Outdoor time fraction (fraction of total year exposed to 
contaminant while outdoors)

dimensionless

FINTD =
Indoor time fraction (fraction of total year exposed to 
contaminant while indoors)

dimensionless

GSF gamma shielding factor, equivalent to ( 1-Se) unitless

ETFj =
Environmental transport factor radionuclide "j"; could be 
an area factor; a cover and depth factor, radiological 
ingrowth and decay, etc.

unitless

Dermal Exposure Pathway
There are no dermal slope factors, thus RESRAD does 
not include a dermal component

Sources:
Argonne National Laboratory Environmental Assessment Division. 2001. User’s Manual for RESRAD Version 6. July.
Notes:

pCi/g = picocuries per gram
pCi/L = picocuries per liter

g/year = grams per year
L/year = liters per year

The RESidual RADioactivity (RESRAD) computer code has been used for years to calculate carcinogenic risk and radiological dose from exposure to 
radionuclides. The basic ingestion, inhalation, and direct gamma intake equations used by RESRAD, Risk Assessment Guidance for Superfund (RAGS), 
and the Soil Screening Guidance for Radionuclides (SSG) are similar and can produce similar results, but there are some notable differences. Of particular 
interest is the fact that RESRAD incorporates sophisticated environmental transport models. Associated environmental parameters allow risk assessors to 
consider, among other variables, the size (i.e., surface area) of the contaminated zone, a variable not typically addressed quantitatively under the 
RAGS/SSG paradigm. 

TABLE B-4.7
EQUATIONS USED IN THE RESRAD MODEL TO CALCULATE EXPOSURES FOR RADIONUCLEIDES OF CONCERN

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York
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Resident RME 
(groundwater)

Resident CTE 
(groundwater)

Site

(Unitless) (cm/hr) (Unitless) (hr/event) (hr) (Unitless) (mg/cm2) (mg/cm2) (atm-m3/mole) (cm2/s) (cm2/s) (cm3/g) (cm3/g) (cm2/s) (m3/kg) Unitless

Volatile Organic Compounds
Chloroform NA 6.8E-03 1.0E+00 4.9E-01 1.2E+00 2.9E-02 3.1E-08 2.2E-08 3.7E-03 7.7E-02 1.1E-05 3.2E+01 1.9E-01 4.6E-07 2.2E+05 5.5E-01
cis-1,2-Dichloroethene NA 1.1E-02 1.0E+00 3.7E-01 8.8E-01 4.2E-02 3.5E-07 2.4E-07 4.1E-03 8.8E-02 1.1E-05 4.0E+01 2.4E-01 4.7E-07 2.2E+05 5.6E-01
Tetrachloroethene NA 3.3E-02 1.0E+00 8.9E-01 2.1E+00 1.7E-01 3.9E-05 2.7E-05 1.8E-02 5.0E-02 9.5E-06 9.5E+01 5.7E-01 4.9E-07 2.1E+05 5.0E-01
Trichloroethene NA 1.2E-02 1.0E+00 5.7E-01 1.4E+00 5.1E-02 1.1E-07 7.5E-08 9.9E-03 6.9E-02 1.0E-05 6.1E+01 3.6E-01 5.8E-07 1.9E+05 5.3E-01
Semi-volatile Organic Compounds  NA NA NA NA NA         
1,1'-Biphenyl NA 9.4E-02 NA 7.7E-01 1.8E+00 4.5E-01 NA NA 3.1E-04 4.7E-02 7.6E-06 5.1E+03 3.1E+01 1.6E-10 1.2E+07 4.3E-01
2-Methylnaphthalene 1.3E-01 9.2E-02 1.0E+00 6.6E-01 1.6E+00 4.2E-01 NA NA 5.2E-04 5.2E-02 7.8E-06 2.5E+03 1.5E+01 5.9E-10 6.1E+06 4.4E-01
Benzo(a)anthracene 1.3E-01 5.5E-01 1.0E+00 2.0E+00 8.5E+00 3.2E+00 NA NA 1.2E-05 2.6E-02 6.7E-06 1.8E+05 1.1E+03 3.4E-13 2.5E+08 4.0E-01
Benzo(a)pyrene 1.3E-01 7.1E-01 1.0E+00 2.7E+00 1.2E+01 4.4E+00 NA NA 4.6E-07 4.8E-02 5.6E-06 5.9E+05 3.5E+03 6.3E-14 NA NA
Benzo(b)fluoranthene 1.3E-01 4.2E-01 1.0E+00 2.7E+00 1.1E+01 2.5E+00 NA NA 6.6E-07 4.8E-02 5.6E-06 6.0E+05 3.6E+03 6.3E-14 NA NA
Benzo(k)fluoranthene 1.3E-01 6.9E-01 1.0E+00 2.7E+00 1.2E+01 4.2E+00 NA NA 5.8E-07 4.8E-02 5.6E-06 5.9E+05 3.5E+03 6.4E-14 NA NA
Bis(2-Ethylhexyl)Phthalate 1.0E-01 1.1E+00 NA 1.6E+01 7.3E+01 8.6E+00 NA NA 2.7E-07 1.7E-02 4.2E-06 1.2E+05 7.2E+02 2.3E-13 NA NA
Indeno(1,2,3-cd)pyrene 1.3E-01 1.2E+00 6.0E-01 3.7E+00 1.7E+01 7.9E+00 NA NA 3.5E-07 4.5E-02 5.2E-06 2.0E+06 1.2E+04 1.8E-14 NA NA
Naphthalene 1.3E-01 4.7E-02 1.0E+00 5.5E-01 1.3E+00 2.0E-01 NA NA 4.4E-04 6.0E-02 8.4E-06 1.5E+03 9.3E+00 9.3E-10 4.9E+06 4.6E-01
Pesticides/Polychlorinated Biphenyls               
4,4'-DDT 3.0E-02 6.3E-01 7.0E-01 1.0E+01 4.4E+01 4.5E+00 NA NA 8.3E-06 3.8E-02 4.4E-06 1.7E+05 1.0E+03 2.7E-13 NA NA
Aroclor 1260 1.4E-01 9.9E-01 NA 1.7E+01 7.7E+01 7.5E+00 NA NA 3.4E-04 2.2E-02 5.6E-06 3.5E+05 2.1E+03 1.2E-12 1.4E+08 3.5E-01
Dieldrin NA 3.3E-02 8.0E-01 1.4E+01 3.4E+01 2.4E-01 NA NA 1.0E-05 2.3E-02 6.0E-06 2.0E+04 1.2E+02 2.5E-12 NA NA
Inorganics                
Aluminum NA 1.0E-03 NA 1.5E-01 3.6E-01 2.0E-03 NA NA NA NA NA NA NA NA NA NA
Arsenic 3.0E-02 1.0E-03 NA 2.9E-01 6.9E-01 3.4E-03 1.7E-12 8.0E-13 NA NA NA NA NA NA NA NA
Chromium NA 1.0E-03 NA 2.1E-01 4.9E-01 2.8E-03 6.4E-12 3.0E-12 NA NA NA NA NA NA NA NA
Cobalt NA 4.0E-04 NA 2.2E-01 5.4E-01 1.2E-03 7.2E-13 3.5E-13 NA NA NA NA NA NA NA NA
Iron NA 1.0E-03 NA 2.2E-01 5.2E-01 2.9E-03 8.3E-10 3.9E-10 NA NA NA NA NA NA NA NA
Lead NA 1.0E-04 NA 1.5E+00 3.7E+00 5.5E-04 NA NA NA NA NA NA NA NA NA NA
Manganese NA 1.0E-03 NA 2.1E-01 5.1E-01 2.9E-03 NA NA NA NA NA NA NA NA NA NA
Mercury NA 1.0E-03 NA 1.4E+00 3.4E+00 5.4E-03 5.0E-14 2.4E-14 8.6E-03 3.1E-02 6.3E-06 NA NA NA NA NA
Selenium NA 1.0E-03 NA 2.9E-01 7.0E-01 3.4E-03 1.5E-11 7.4E-12 NA NA NA NA NA NA NA NA
Vanadium NA 1.0E-03 NA 2.0E-01 4.9E-01 2.7E-03 NA NA NA NA NA NA NA NA NA NA

NA - Not applicable

Chemical

Dermal 
Absorption 

Fraction (1)

Permeability 

Coefficient (2)

Fraction 
absorbed 

water(1)

TABLE B-4.8
CHEMICAL-SPECIFIC INFORMATION USED FOR DAILY INTAKE CALCULATIONS

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Soil-Water 
Partition 

Coefficient

Apparent 

Diffusivity(3)

Fraction 

Volatilized(4)

Henry's Law 

Constant(2) 

Diffusivity 

in Air(2) 

Diffusivity in 

Water(2) 

Soil Organic 
Carbon Partition 

Coefficient(2) 

Volatilization 

factor(3)

DAevent
(2)

Lag time per 

event(1)

Time to 
reach steady 

state(1)
B(1)

Page 1 of 2



 

Resident RME 
(groundwater)

Resident CTE 
(groundwater)

Site

(Unitless) (cm/hr) (Unitless) (hr/event) (hr) (Unitless) (mg/cm2) (mg/cm2) (atm-m3/mole) (cm2/s) (cm2/s) (cm3/g) (cm3/g) (cm2/s) (m3/kg) Unitless

Chemical

Dermal 
Absorption 

Fraction (1)

Permeability 

Coefficient (2)

Fraction 
absorbed 

water(1)

TABLE B-4.8
CHEMICAL-SPECIFIC INFORMATION USED FOR DAILY INTAKE CALCULATIONS

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Soil-Water 
Partition 

Coefficient

Apparent 

Diffusivity(3)

Fraction 

Volatilized(4)

Henry's Law 

Constant(2) 

Diffusivity 

in Air(2) 

Diffusivity in 

Water(2) 

Soil Organic 
Carbon Partition 

Coefficient(2) 

Volatilization 

factor(3)

DAevent
(2)

Lag time per 

event(1)

Time to 
reach steady 

state(1)
B(1)

Notes:
(1) Source: EPA 2004. Risk Assessment Guidance for Superfund. Part E. 
(2) Source: EPA 2016. Regional Screening Levels for Chemical Contaminanats at Superfund Sites. May.
(3) Volatilization Factor is calculated using Equation 8 from SSG (EPA 2002) (p.4-24)

  Q/C x (3.14 x DA x T)1/2 x 10-4 (m2/cm2)
(2 x ρb x DA)

where: H' = Dimensionless Henry's law constant
VF = volatilization factor, m3/kg DA = apparent diffusivity, cm2/s

Di = diffusion coefficient in air, cm2/s θa = air filled soil porosity = n - θw = 0.28

Dw = diffusion coefficient in water, cm2/s θw = water-filled soil porosity = 0.15

Kd = soil-water partition coefficient, cm3/g = Koc x foc n = total porosity = 1 - ρb/ρs = 0.43

foc = fraction organic carbon in soil, g/g = 0.006 ρb = dry soil bulk density, g/cm3 = 1.5

Koc = soil organic carbon partition coefficient, cm3/g ρs = soil particle density, g/cm3 = 2.65

T = exposure interval, s = 9.5 x 108

Q/C = inverse of the ratio of the geometric mean air concentration to the volatilization flux at center of a square source (see Table B-4-5)

(4) Estimated for volatile chemicals using Equation 5 fromR = gas constant, atm-m3/mol-K = 8.21 x 10-5

Where: 

   fi = volatilization fraction for chemical i R = gas constant, atm-m3/mol-K = 8.21 x 10-5

   fj = volatilization fraction for chemical j = Radon H = Henry's law constant, atm-m3/mol

   Da = diffusion coefficient in air, m2/s T = temperature, K = 293

   Dw = diffusion coefficient in water, m2/s

   Da for Radon = 2.0 x 10-5

   Dw for Radon = 1.4 x 10-9

(5) Chemical-specific information for m-xylene applied to m,p-xylene.

DA = 

VF = 

(θa
10/3 DiH' + θw

10/3Dw)/n2

ρbKd + θw + θaH'

fi = fj ×
 (2.5/Dw

0.67 + RT/ Da
0.67H)j

 (2.5/Dw
0.67 + RT/ Da

0.67H)i
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(lnAsite-B)2

C

 
Q/C=

A,B,C constant based on Zone 8, Philadelphia, PA(1)

A = 14.0111 (unitless)
B = 19.6154 (unitless)
C = 225.3397 (unitless)

0.036 x (1-V) x (Um/Ut)
3 x F(x)

Variable Value Unit Variable Definition Reference
PEF= calculated m3/kg Particulate Emission Factor EPA 2002

Um = 5.4 m/s
Mean annual wind speed (About 
12 miles per hour) Online Data Source (3)

(1 mile/hr =0.44704 meter/sec)

Ut = 11.32 m/s
Equivalent threshold value of 
windspeed at 7m (m/s), default EPA 2002   

F(x) = 0.194 (unitless)

Function dependent on Um/Ut 

derived from Cowherd et. al. 
(1985), default EPA 2002

Site  
Asite (site area in acres) 0.75  

Q/Cwind (g/m2 -s per kg/m3) 81.27  

V (vegetative cover) 0.5
PEF (m3/kg) 7.87E+08  

(1)EPA 2002, Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. Exhibit D-2.

(2) Cowherd, C.G.., G.Muleski, P. Engelhart, and D. Gillette. 1985, Rapid Assessment of Exposure to Particulate 
Emissions from Surface Contamination Sites . EPA/600/8-85/002. Office of Health and Environmental 
Assessment, U.S. Environmental Protection Agency , Washington, D.C.

PEF = Q/C x
3,600 s/h

TABLE B-4.9
PARTICULATE EMISSION FACTOR

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Q/C = A x exp

Inverse of 1-hour average air concentration along a straight 
road segment bisecting a 0.5-acre square site
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Volatile Organic Compounds  
Chloroform Chronic 1.0E-02 mg/kg-day 1 1.0E-02 mg/kg-day Liver 100 IRIS 9/9/2016
cis-1,2-Dichloroethene Chronic 2.0E-03 mg/kg-day 1 2.0E-03 mg/kg-day Kidney 3,000 IRIS 9/9/2016
Tetrachloroethene Chronic 6.0E-03 mg/kg-day 1 6.0E-03 mg/kg-day Liver 1,000 IRIS 9/9/2016

Trichloroethene Chronic 5.0E-04 mg/kg-day 1 5.0E-04 mg/kg-day
Heart/ Immunological/ 
Developmental/Kidney

10 to 1,000 IRIS 12/2/2011

Semi-volatile Organic Compounds NA NA   
1,1'-Biphenyl Chronic 5.0E-01 mg/kg-day 1 5.0E-01 mg/kg-day Kideny 30 IRIS 9/9/2016
2-Methylnaphthalene Chronic 4.0E-03 mg/kg-day 1 4.0E-03 mg/kg-day Respiratory System / Lung 1000 IRIS 9/9/2016
Benzo(a)anthracene Chronic NA NA 1 NA NA NA NA NA NA
Benzo(a)pyrene Chronic NA NA 1 NA NA NA NA NA NA
Benzo(b)fluoranthene Chronic NA NA 1 NA NA NA NA NA NA
Benzo(k)fluoranthene Chronic NA NA 1 NA NA NA NA NA NA

Bis(2-Ethylhexyl)Phthalate Chronic 2.0E-02 mg/kg-day 1 2.0E-02 mg/kg-day Liver/Reproductive 1000 IRIS 9/9/2016

Indeno(1,2,3-cd)pyrene Chronic NA NA 1 NA NA NA NA NA NA
Naphthalene Chronic 2.0E-02 mg/kg-day 1 2.0E-02 mg/kg-day Body weight 3000 IRIS 9/9/2016
Pesticides/Polychlorinated Biphenyls NA NA   
4,4'-DDT Chronic 5.0E-04 mg/kg-day 1 5.0E-04 mg/kg-day Liver 100 IRIS 9/9/2016

Aroclor 1260 (4) Chronic 2.0E-05 mg/kg-day 1 2.0E-05 mg/kg-day Eye / Finger Nail / Immune System (4) (4) (4)
Dieldrin Chronic 5.0E-05 mg/kg-day 1 5.0E-05 mg/kg-day Liver 100 IRIS 9/9/2016
Inorganics      
Aluminum Chronic 1.0E+00 mg/kg-day 1 1.0E+00 mg/kg-day Neurological 100 PPRTV 10/23/2006
Arsenic Chronic 3.0E-04 mg/kg-day 1 3.0E-04 mg/kg-day Skin 3 IRIS 9/9/2016

Chromium(5) Chronic 3.0E-03 mg/kg-day 0.025 7.5E-05 mg/kg-day None reported 300 IRIS 9/9/2016
Cobalt Chronic 3.0E-04 mg/kg-day 1 3.0E-04 mg/kg-day Thyroid 3,000 PPRTV 8/25/2008
Iron Chronic 7.0E-01 mg/kg-day 1 7.0E-01 mg/kg-day GI Tract 1.5 PPRTV 9/11/2006
Lead Chronic NA NA 1 NA NA NA NA NA NA
Manganese Chronic 1.4E-01 mg/kg-day 0.04 5.6E-03 mg/kg-day CNS 1 IRIS 9/9/2016

Mercury(6) Chronic NA NA 0.07 NA NA Immune System 1000 IRIS 9/9/2016
Selenium Chronic 5.0E-03 mg/kg-day 1 5.0E-03 mg/kg-day CNS, Blood, Skin 3 IRIS 9/9/2016
Vanadium Chronic 5.0E-03 mg/kg-day 1 5.0E-03 mg/kg-day Kidney 3,000 PPRTV 9/30/2009

Unit Value Unit

TABLE B-5.1

NONCANCER TOXICITY DATA - ORAL/DERMAL

Ridgewood, Queens, New York

Chemical of Potential 
Concern

Chronic/ 
Subchronic

Oral RfD Oral 
Absorption 

Efficiency for 

Dermal (1)

Absorbed RfD for Dermal 
(2)

Primary Target Organ

Combined 
Uncertainty/ 
Modifying 

Factor

Source 

Value

Former Wolff-Alport Chemical Company Site

Date (3)

Page 1 of 2



TABLE B-5.1

NONCANCER TOXICITY DATA - ORAL/DERMAL

Ridgewood, Queens, New York

Former Wolff-Alport Chemical Company Site

 
(1) Oral Absorption Efficiency for Dermal from Risk Assessment Guidance for Superfund Part E, Definition:

    Supplemental Guidance for Dermal Risk Assessment ATSDR = Agency for Toxic Substances and Disease Registry
(2) Adjusted RfD for Dermal = Oral RfD x Oral Absorption Efficiency for Dermal. CNS = central nervous system
(3) Date shown for IRIS is the date IRIS was searched. http://www.epa.gov/iris/ GI = gastrointestinal

    Date shown for other sources is the publication date. IRIS = Integrated Risk Information System
(4) based on Aroclor 1254 mg/kg-day = milligram per kilogram per day
(5) based on chromium (VI) NA = not available
(6) elemental mercury PPRTV = Provisional Peer Reviewed Toxicity Value

RfD = reference dose
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Volatile Organic Compounds

Chloroform 9.8E-02 mg/m3 Liver NA ATSDR NA
cis-1,2-Dichloroethene NA NA NA NA NA NA
Tetrachloroethene 4.0E-02 mg/m3 Liver 1,000 IRIS 9/9/2016

Trichloroethene 2.0E-03 mg/m3 Heart / Immunological 10 to 100 IRIS 9/9/2016
Semi-volatile Organic Compounds  
1,1'-Biphenyl 4.0E-04 mg/m3 NA NA NA NA
2-Methylnaphthalene NA NA NA NA NA NA
Benzo(a)anthracene NA NA NA NA NA NA
Benzo(a)pyrene NA NA NA NA NA NA
Benzo(b)fluoranthene NA NA NA NA NA NA
Benzo(k)fluoranthene NA NA NA NA NA NA
Bis(2-Ethylhexyl)Phthalate NA NA NA NA NA NA
Indeno(1,2,3-cd)pyrene NA NA NA NA NA NA
Naphthalene 3.0E-03 mg/m3 Respiratory System / Nose 3000 IRIS 9/9/2016
Pesticides/Polychlorinated Biphenyls
4,4'-DDT NA NA NA NA NA NA
Aroclor 1260 NA NA NA NA NA NA
Dieldrin NA NA NA NA NA NA
Inorganics   
Aluminum 5.0E-03 mg/m3 Neurological 300 PPRTV 10/23/2006

Arsenic 1.5E-05 mg/m3 Developmental / Cardiovascular System / CNS / 
Lung / Skin

30 Cal/EPA 9/2009

Chromium(4) 1.0E-04 mg/m3 Lung 300 IRIS 9/9/2016

Cobalt 6.0E-06 mg/m3 Respiratory System / Lung 300 PPRTV 8/25/2008
Iron NA NA NA NA NA NA
Lead NA NA NA NA NA NA
Manganese 5.0E-05 mg/m3 CNS 1,000 IRIS 9/9/2016

Mercury(5) 3.0E-04 mg/m3 Nervous System 300 Cal/EPA 9/2009

Selenium 2.0E-02 mg/m3 Liver / Cardiovascular System / CNS NA Cal/EPA 12/1/2001

Vanadium 1.0E-04 mg/m3 Respiratory System 30 ATSDR 2/2012

Unit Source (1)

TABLE B-5.2
NONCANCER TOXICITY DATA - INHALATION (CHRONIC)

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Chemical of  Potential 
Concern

Inhalation RfC

Primary Target Organ

Combined 
Uncertainty/ 
Modifying 

Factor

RfC
Target Organ

Value Date (2)
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TABLE B-5.2
NONCANCER TOXICITY DATA - INHALATION (CHRONIC)

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

(1) ATSDR chronic inhalation minimal risk level (MRL) Definition:
     MRL is converted from units in ppmv to mg/m3 using the following equation: ATSDR = Agency for Toxic Substances and Disease Registry

               MRL (mg/m3) = (ppmv)(1 kg/1000 g)(P/RT)(molecular weight) Cal/EPA = California Environmental Protection Agency
     where: CNS = central nervous system

P = ambient air pressure, 1 atmosphere (atm) IRIS = Integrated Risk Information System

R = ideal gas constant, 8.2×10-5 atm-m3/mol-0K mg/m3 = milligram per cubic meter

T = absolute temperature, 298.15 Kelvin (0K) NA = not available
(2) Date shown for IRIS is the date IRIS was searched. http://www.epa.gov/iris/ ppmv = part per million by volume
    Date shown for other sources is the publication date. PPRTV = Provisional Peer Reviewed Toxicity Value
(3) based on mixed xylenes RfC = reference concentration
(4) based on chromium (VI) particulates
(5) based elemental mercury
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Volatile Organic Compounds
Chloroform 3.1E-02 (mg/kg-day)-1 3.1E-02 (mg/kg-day)-1 B2
cis-1,2-Dichloroethene NA NA 1 NA NA inadequate information to assess the carcinogenic potential IRIS 9/9/2016
Tetrachloroethene 2.1E-03 (mg/kg-day)-1 1 2.1E-03 (mg/kg-day)-1 Likely to be carcinogenic to humans IRIS 9/9/2016

Trichloroethene 4.6E-02 (mg/kg-day)-1 1 4.6E-02 (mg/kg-day)-1 M carcinogenic to humans IRIS 9/9/2016
Semi-volatile Organic Compounds  
1,1'-Biphenyl 8.0E-03 (mg/kg-day)-1 1 8.0E-03 (mg/kg-day)-1 suggestive evidence of carcinogenic potential
2-Methylnaphthalene NA NA NA NA NA NA NA NA
Benzo(a)anthracene 7.3E-01 (mg/kg-day)-1 1 7.3E-01 (mg/kg-day)-1 M B2 IRIS 9/9/2016

Benzo(a)pyrene 7.3E+00 (mg/kg-day)-1 1 7.3E+00 (mg/kg-day)-1 M B2 IRIS 9/9/2016

Benzo(b)fluoranthene 7.3E-01 (mg/kg-day)-1 1 7.3E-01 (mg/kg-day)-1 M B2 IRIS 9/9/2016

Benzo(k)fluoranthene 7.3E-02 (mg/kg-day)-1 1 7.3E-02 (mg/kg-day)-1 M B2 IRIS 9/9/2016

Bis(2-Ethylhexyl)Phthalate 1.4E-02 (mg/kg-day)-1 1 1.4E-02 (mg/kg-day)-1 NA IRIS 9/9/2016

Indeno(1,2,3-cd)pyrene 7.3E-01 (mg/kg-day)-1 1 7.3E-01 (mg/kg-day)-1 M B2 IRIS 9/9/2016
Naphthalene NA NA NA NA NA NA NA NA
Pesticides/Polychlorinated Biphenyls  
4,4'-DDT 3.4E-01 (mg/kg-day)-1 1 3.4E-01 (mg/kg-day)-1 B2 IRIS 9/9/2016

Aroclor 1260 (5) 2.0E+00 (mg/kg-day)-1 1 2.0E+00 (mg/kg-day)-1 B2 IRIS 9/9/2016

Dieldrin 1.6E+01 (mg/kg-day)-1 1 1.6E+01 (mg/kg-day)-1 B2 IRIS 9/9/2016
Inorganics    
Aluminum NA NA NA NA NA inadequate information to assess the carcinogenic potential PPRTV 10/23/2006
Arsenic 1.5E+00 (mg/kg-day)-1 1 1.5E+00 (mg/kg-day)-1 A IRIS 9/9/2016

Chromium(6) 5.0E-01 (mg/kg-day)-1 0.025 5.0E-01 (mg/kg-day)-1 M likely to be carcinogenic to humans NJDEP 4/8/2009
Cobalt NA NA NA NA NA NA NA NA
Iron NA NA NA NA NA inadequate information to assess the carcinogenic potential PPRTV 9/11/2006
Lead NA NA NA NA NA NA NA NA
Manganese NA NA NA NA NA D IRIS 9/9/2016
Mercury NA NA NA NA NA NA NA NA
Selenium NA NA NA NA NA D NA NA
Vanadium NA NA NA NA NA inadequate information to assess the carcinogenic potential PPRTV 9/30/2009

 

Date (4)

TABLE B-6.1

CANCER TOXICITY DATA - ORAL/DERMAL

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Chemical of  Potential Concern

Oral Slope Factor Oral 
Absorption 

Efficiency for 

Dermal (1)

Absorbed Slope Factor for 

Dermal (2)

Mutagen (3) Weight of Evidence/
Cancer Guideline Description

Source 

Value Unit Value Unit
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TABLE B-6.1

CANCER TOXICITY DATA - ORAL/DERMAL

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

(1) Oral Absorption Efficiency for Dermal from Risk Assessment Guidance for Superfund Part E, Definition:

    Supplemental Guidance for Dermal Risk Assessment NJDEP = New Jersey Department of Environmental Protection
(2) Oral cancer slope factor (CSF) for Dermal = Oral CSF IRIS = Integrated Risk Information System
(3) Identified as a mutagen on the Regional Screening Level (RSL) Table, May 2016 M = mutagen

    http://www.epa.gov/risk/regional-screening-levels-rsls mg/kg-day = milligram per kilogram per day
(4) Date shown for IRIS is the date IRIS was searched. http://www.epa.gov/iris/ NA = not available

    Date shown for other sources is the publication date. PPRTV = Provisional Peer Reviewed Toxicity Value
(5) based on oral slope factor for high risk and persistent polychlorinated biphenyls
(6) based on chromium (VI) EPA Weight of Evidence Narrative (EPA 2005):

EPA Weight of Evidence (EPA 1986, EPA 1996):   Carcinogenic to human

  A  - Human Carcinogen   Likely to be carcinogenic to humans

  B1 - Probable human carcinogen   Suggestive evidence of carcinogenic potential

          indicates that limited human data are available   Inadequate information to assess carcinogenic potential

  B2 - Probable human carcinogen - indicates sufficient evidence in   Not likely to be carcinogenic to humans

          animals and inadequate or no evidence in humans 

  C  - Possible human carcinogen International agency for Research Center (IARC) Classification:

  D  - Not classifiable as human carcinogen   1 - Carcinogenic to humans

  2A - Probably carcinogenic to humans

  2B - Possibly Carcinogenic to humans

  3 - Unclassifiable as to carcinogenicity to humans

  4 - Probably not carcinogenic to humans
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Volatile Organic Compounds

Chloroform 2.3E-05 (µg/m3)-1 B2 IRIS 9/9/2016
cis-1,2-Dichloroethene NA NA -- inadequate information to assess the carcinogenic potential IRIS 9/9/2016
Tetrachloroethene 2.6E-07 (µg/m3)-1 -- Likely to be carcinogenic to humans IRIS 9/9/2016

Trichloroethene 4.1E-06 (µg/m3)-1 M carcinogenic to humans IRIS 9/9/2016
Semi-volatile Organic Compounds  
1,1'-Biphenyl NA NA NA NA NA NA
2-Methylnaphthalene NA NA NA NA NA NA
Benzo(a)anthracene 1.1E-04 (µg/m3)-1 M B2 Cal/EPA 7/2009

Benzo(a)pyrene 1.1E-03 (µg/m3)-1 M B2 Cal/EPA 7/2009

Benzo(b)fluoranthene 1.1E-04 (µg/m3)-1 M B2 Cal/EPA 5/2009

Benzo(k)fluoranthene 1.1E-04 (µg/m3)-1 -- B2 Cal/EPA 7/2009

Bis(2-Ethylhexyl)Phthalate 2.4E-06 (µg/m3)-1 -- NA Cal/EPA 7/2009

Indeno(1,2,3-cd)pyrene 1.1E-04 (µg/m3)-1 M B2 Cal/EPA 5/2009

Naphthalene 3.4E-05 (µg/m3)-1 -- Group C -probable human carcinogen Cal/EPA 7/2009
Pesticides/Polychlorinated B   
4,4'-DDT 9.7E-05 (µg/m3)-1 B2 IRIS 9/9/2016

Aroclor 1260 (3) 5.7E-04 (µg/m3)-1 -- B2 IRIS 9/9/2016

Dieldrin 4.6E-03 (µg/m3)-1 -- B2 IRIS 9/9/2016
Inorganics   
Aluminum NA NA -- inadequate information to assess the carcinogenic potential PPRTV 10/23/2006
Arsenic 4.3E-03 (µg/m3)-1 -- A IRIS 9/9/2016

Chromium(4) 8.4E-04 (µg/m3)-1 M A IRIS 9/9/2016

Cobalt 9.0E-03 (µg/m3)-1 -- likely to be carcinogenic to humans PPRTV 8/25/2008
Iron NA NA -- inadequate information to assess the carcinogenic potential PPRTV 9/11/2006
Lead NA NA -- NA NA NA
Manganese NA NA -- D IRIS 9/9/2016
Mercury NA NA -- NA NA NA
Selenium NA NA -- NA NA NA

Vanadium(5) 8.3E-03 (µg/m3)-1 -- NA PPRTV 8/25/2008

Unit Source 

TABLE B-6.2
CANCER TOXICITY DATA - INHALATION
Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Chemical of  Potential 
Concern

Inhalation Unit Risk

Mutagen (1) Weight of Evidence/ Cancer Guideline Description
Inhalation Unit Risk

Value Date (2)
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TABLE B-6.2
CANCER TOXICITY DATA - INHALATION
Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

(1) Identified as a mutagen on the Regional Screening Level (RSL) Table, Definition:
   May 2016, http://www.epa.gov/region09/waste/sfund/prg/index.html Cal/EPA = California Environmental Protection Agency
(2) Date shown for IRIS is the date IRIS was searched. http://www.epa.gov/iris/ IRIS = Integrated Risk Information System
    Date shown for other sources is the publication date. M = mutagen
(3) based on inhalation unit risk of low risk and persistent polychlorinated biphenyls NA = not available
(4) based on inhalation unit risk of chromium (VI) PPRTV = Provisional Peer Reviewed Toxicity Value
(5) based on vanadium pentoxide µg/m3 = microgram per cubic meter

EPA Weight of Evidence (EPA 1986, EPA 1996): EPA Weight of Evidence Narrative (EPA 2005):
  A  - Human Carcinogen   Carcinogenic to human
  B1 - Probable human carcinogen   Likely to be carcinogenic to humans
          indicates that limited human data are available   Suggestive evidence of carcinogenic potential
  B2 - Probable human carcinogen - indicates sufficient evidence in   Inadequate information to assess carcinogenic potential
          animals and inadequate or no evidence in humans   Not likely to be carcinogenic to humans
  C  - Possible human carcinogen

International agency for Research Center (IARC) Classification:
  1 - Carcinogenic to humans
  2A - Probably carcinogenic to humans
  2B - Possibly Carcinogenic to human
  3 - Unclassifiable as to carcinogenicity to humans
  4 - Probably not carcinogenic to humans
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Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Lifetime

Intake/ Exposure Concentration Slope Factor/Unit Risk Cancer Intake/ Exposure Concentration RfD/RfC Hazard
Value Unit Value Unit Value Unit Risk Value Unit Value Unit Quotient

Surface Surface Soil Site Soil Ingestion Semi-volatile Organic Compounds

Benzo(a)anthracene 7.89E+00 mg/kg 5.15E-05 mg/kg-day 7.30E-01 (mg/kg-day)-1
3.76E-05 1.01E-04 mg/kg-day NA NA NA

Benzo(a)pyrene 6.20E+00 mg/kg 4.05E-05 mg/kg-day 7.30E+00 (mg/kg-day)-1
2.96E-04 7.93E-05 mg/kg-day NA NA NA

Benzo(b)fluoranthene 7.85E+00 mg/kg 5.12E-05 mg/kg-day 7.30E-01 (mg/kg-day)-1
3.74E-05 1.00E-04 mg/kg-day NA NA NA

Benzo(k)fluoranthene 4.00E+00 mg/kg 2.61E-05 mg/kg-day 7.30E-02 (mg/kg-day)-1
1.91E-06 5.11E-05 mg/kg-day NA NA NA

Indeno(1,2,3-cd)pyrene 9.47E-01 mg/kg 6.19E-06 mg/kg-day 7.30E-01 (mg/kg-day)-1
4.52E-06 1.21E-05 mg/kg-day NA NA NA

Pesticides/Polychlorinated Biphenyls

4,4'-DDT 4.89E+00 mg/kg 7.03E-06 mg/kg-day 3.40E-01 (mg/kg-day)-1
2.39E-06 6.25E-05 mg/kg-day 5.00E-04 mg/kg-day 1.25E-01

Aroclor 1260 5.80E+01 mg/kg 8.35E-05 mg/kg-day 2.00E+00 (mg/kg-day)-1
1.67E-04 7.42E-04 mg/kg-day 2.00E-05 mg/kg-day 3.71E+01

Dieldrin 6.20E-01 mg/kg 8.92E-07 mg/kg-day 1.60E+01 (mg/kg-day)-1
1.43E-05 7.93E-06 mg/kg-day 5.00E-05 mg/kg-day 1.59E-01

Inorganics

Aluminum 8.69E+03 mg/kg 1.25E-02 mg/kg-day NA NA NA 1.11E-01 mg/kg-day 1.00E+00 mg/kg-day 1.11E-01

Arsenic 1.31E+01 mg/kg 1.89E-05 mg/kg-day 1.50E+00 (mg/kg-day)-1
2.83E-05 1.68E-04 mg/kg-day 3.00E-04 mg/kg-day 5.59E-01

Chromium 1.69E+01 mg/kg 1.10E-04 mg/kg-day 5.00E-01 (mg/kg-day)-1
5.50E-05 2.15E-04 mg/kg-day 3.00E-03 mg/kg-day 7.18E-02

Cobalt 5.54E+00 mg/kg 7.96E-06 mg/kg-day NA NA NA 7.08E-05 mg/kg-day 3.00E-04 mg/kg-day 2.36E-01

Iron 1.63E+04 mg/kg 2.34E-02 mg/kg-day NA NA NA 2.08E-01 mg/kg-day 7.00E-01 mg/kg-day 2.97E-01

Lead 1.65E+02 mg/kg 2.37E-04 mg/kg-day NA NA NA 2.11E-03 mg/kg-day NA NA NA

Manganese 2.51E+02 mg/kg 3.60E-04 mg/kg-day NA NA NA 3.20E-03 mg/kg-day 1.40E-01 mg/kg-day 2.29E-02

Mercury 6.38E+01 mg/kg 9.17E-05 mg/kg-day NA NA NA 8.15E-04 mg/kg-day NA NA NA

Selenium 6.44E+02 mg/kg 9.26E-04 mg/kg-day NA NA 8.24E-03 mg/kg-day 5.00E-03 mg/kg-day 1.65E+00
Vanadium 2.70E+01 mg/kg 3.89E-05 mg/kg-day NA NA NA 3.45E-04 mg/kg-day 5.00E-03 mg/kg-day 6.91E-02

Exp. Route Total 6.44E-04 4.04E+01

Surface Surface Soil Site Soil Dermal Semi-volatile Organic Compounds

Contact Benzo(a)anthracene 7.89E+00 mg/kg 1.91E-05 mg/kg-day 7.30E-01 (mg/kg-day)-1
1.39E-05 3.53E-05 mg/kg-day NA NA NA

Benzo(a)pyrene 6.20E+00 mg/kg 1.50E-05 mg/kg-day 7.30E+00 (mg/kg-day)-1
1.10E-04 2.77E-05 mg/kg-day NA NA NA

Benzo(b)fluoranthene 7.85E+00 mg/kg 1.90E-05 mg/kg-day 7.30E-01 (mg/kg-day)-1
1.39E-05 3.51E-05 mg/kg-day NA NA NA

Benzo(k)fluoranthene 4.00E+00 mg/kg 9.67E-06 mg/kg-day 7.30E-02 (mg/kg-day)-1
7.06E-07 1.79E-05 mg/kg-day NA NA NA

Indeno(1,2,3-cd)pyrene 9.47E-01 mg/kg 2.29E-06 mg/kg-day 7.30E-01 (mg/kg-day)-1
1.67E-06 4.24E-06 mg/kg-day NA NA NA

Pesticides/Polychlorinated Biphenyls

4,4'-DDT 4.89E+00 mg/kg 6.44E-07 mg/kg-day 3.40E-01 (mg/kg-day)-1
2.19E-07 5.04E-06 mg/kg-day 5.00E-04 mg/kg-day 1.01E-02

Aroclor 1260 5.80E+01 mg/kg 3.57E-05 mg/kg-day 2.00E+00 (mg/kg-day)-1
7.14E-05 2.79E-04 mg/kg-day 2.00E-05 mg/kg-day 1.40E+01

Dieldrin 6.20E-01 mg/kg NA NA 1.60E+01 (mg/kg-day)-1
NA NA NA 5.00E-05 mg/kg-day NA

Inorganics

Aluminum 8.69E+03 mg/kg NA NA NA NA NA NA NA 1.00E+00 mg/kg-day NA

Arsenic 1.31E+01 mg/kg 1.73E-06 mg/kg-day 1.50E+00 (mg/kg-day)-1
2.59E-06 1.35E-05 mg/kg-day 3.00E-04 mg/kg-day 4.51E-02

Chromium 1.69E+01 mg/kg NA NA 5.00E-01 (mg/kg-day)-1
NA NA NA 7.50E-05 mg/kg-day NA

Cobalt 5.54E+00 mg/kg NA NA NA NA NA NA NA 3.00E-04 mg/kg-day NA

Iron 1.63E+04 mg/kg NA NA NA NA NA NA NA 7.00E-01 mg/kg-day NA

Lead 1.65E+02 mg/kg NA NA NA NA NA NA NA NA NA NA

Manganese 2.51E+02 mg/kg NA NA NA NA NA NA NA 5.60E-03 mg/kg-day NA

Mercury 6.38E+01 mg/kg NA NA NA NA NA NA NA NA NA NA

Selenium 6.44E+02 mg/kg NA NA NA NA NA NA NA 5.00E-03 mg/kg-day NA
Vanadium 2.70E+01 mg/kg NA NA NA NA NA NA NA 5.00E-03 mg/kg-day NA

Exp. Route Total 2.14E-04 1.40E+01

Exposure Point 
Concentration

Cancer Risk Calculation Noncancer Hazard Calculation

TABLE B-7.1
CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of Potential Concern

Former Wolff-Alport Chemical Company Site
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Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Lifetime

Intake/ Exposure Concentration Slope Factor/Unit Risk Cancer Intake/ Exposure Concentration RfD/RfC Hazard
Value Unit Value Unit Value Unit Risk Value Unit Value Unit Quotient

Exposure Point 
Concentration

Cancer Risk Calculation Noncancer Hazard Calculation

TABLE B-7.1
CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of Potential Concern

Former Wolff-Alport Chemical Company Site

Surface Surface Soil Site Soil Inhalation Semi-volatile Organic Compounds
  Benzo(a)anthracene 7.89E+00 mg/kg 1.11E-05 µg/m3

1.10E-04 (µg/m3) 1
1.22E-09 1.86E-07 mg/m3

NA NA NA

Benzo(a)pyrene 6.20E+00 mg/kg 7.77E-06 µg/m3
1.10E-03 (µg/m3)-1

8.54E-09 4.73E-08 mg/m3
NA NA NA

Benzo(b)fluoranthene 7.85E+00 mg/kg 9.83E-06 µg/m3
1.10E-04 (µg/m3)-1

1.08E-09 5.98E-08 mg/m3
NA NA NA

Benzo(k)fluoranthene 4.00E+00 mg/kg 5.01E-06 µg/m3
1.10E-04 (µg/m3)-1

5.51E-10 3.05E-08 mg/m3
NA NA NA

Indeno(1,2,3-cd)pyrene 9.47E-01 mg/kg 1.19E-06 µg/m3
1.10E-04 (µg/m3)-1

1.31E-10 7.22E-09 mg/m3
NA NA NA

Pesticides/Polychlorinated Biphenyls

4,4'-DDT 4.89E+00 mg/kg 2.21E-06 µg/m3
9.70E-05 (µg/m3)-1

2.15E-10 3.73E-08 mg/m3
NA NA NA

Aroclor 1260 5.80E+01 mg/kg 1.53E-04 µg/m3
5.70E-04 (µg/m3)-1

8.72E-08 2.58E-06 mg/m3
NA NA NA

Dieldrin 6.20E-01 mg/kg 2.81E-07 µg/m3
4.60E-03 (µg/m3)-1

1.29E-09 4.73E-09 mg/m3
NA mg/m3

NA

Inorganics

Aluminum 8.69E+03 mg/kg 3.93E-03 µg/m3
NA NA NA 6.62E-05 mg/m3

5.00E-03 mg/m3
1.32E-02

Arsenic 1.31E+01 mg/kg 5.94E-06 µg/m3
4.30E-03 (µg/m3)-1

2.55E-08 1.00E-07 mg/m3
1.50E-05 mg/m3

6.67E-03

Chromium 1.69E+01 mg/kg 2.11E-05 µg/m3
8.40E-04 (µg/m3)-1

1.77E-08 1.28E-07 mg/m3
1.00E-04 mg/m3

1.28E-03

Cobalt 5.54E+00 mg/kg 2.50E-06 µg/m3
9.00E-03 (µg/m3)-1

2.25E-08 4.22E-08 mg/m3
6.00E-06 mg/m3

7.03E-03

Iron 1.63E+04 mg/kg 7.35E-03 µg/m3
NA NA NA 1.24E-04 mg/m3

NA NA NA

Lead 1.65E+02 mg/kg 7.46E-05 µg/m3
NA NA NA 1.26E-06 mg/m3

NA NA NA

Manganese 2.51E+02 mg/kg 1.13E-04 µg/m3
NA NA NA 1.91E-06 mg/m3

5.00E-05 mg/m3
3.82E-02

Mercury 6.38E+01 mg/kg 2.88E-05 µg/m3
NA NA NA 4.86E-07 mg/m3

3.00E-04 mg/m3
1.62E-03

Selenium 6.44E+02 mg/kg 2.91E-04 µg/m3
NA NA NA 4.91E-06 mg/m3

2.00E-02 mg/m3
2.45E-04

Vanadium 2.70E+01 mg/kg 1.22E-05 µg/m3
8.30E-03 (µg/m3)-1

1.01E-07 2.06E-07 mg/m3
1.00E-04 mg/m3

2.06E-03

Exp. Route Total 2.67E-07 7.03E-02

Exposure Point Total 8.58E-04 55

NA = not applicable RfD = reference dose mg/kg = milligram per kilogram µg/m3 = microgram per cubic meter

FWACC = Former Wolff-Alport Chemical Company RfC= reference concentration mg/kg-day = milligram per kilogram per day mg/m3 = milligram per cubic meter
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Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Child

Intake/ Exposure Concentration RfD/RfC Hazard
Value Unit Value Unit Value Unit Quotient

Soil Soil Surface Soil Ingestion Uranium 0.82 mg/kg 1.05E-05 mg/kg-day 2.00E-04 mg/kg-day 5.26E-02
Dermal 0.82 mg/kg NC mg/kg-day 2.00E-04 mg/kg-day NC
Inhalation 0.82 mg/kg 1.00E-09 mg/kg-day 4.00E-05 mg/m3

2.50E-05
Total Hazard Index 5.26E-02

Estimation of Total Uranium Mass
Maximum 

Concentration 
in 0-10 Ft 

Onsite Soil 
Samples

Total Uranium 
(1)

Estimated 
Uranium 

Concentration 
(2)

pCi/g pCi/g mg/kg
Uranium-235 6.80E-02 5.62E-01 8.23E-01
Uranium-238 5.67E-01

Notes:
NC = Not calculated
(1) Assumes U-238 is 99% of total uranium mass and U-235 is 0,72% of total uranium mass in soil (ATSDR 1999)
(2) Conversion Factor for Uranium in Soil was determined in WISE Uranium Project Unit Converter at: http://www.wise-uranium.org/cunit.html 
References:
U.S. Public Health Service, Agency for Toxic Substances and Disease Registry, 1999. Toxicological Profile for Uranium.

TABLE B-7.1b
CALCULATION OF NONCANCER HAZARDS FOR TOTAL URANIUM

REASONABLE MAXIMUM EXPOSURE

Ridgewood, Queens, New York

Noncancer Hazard Calculation

Former Wolff-Alport Chemical Company Site

Medium
Exposure 
Medium

Exposure Point Exposure Route
Chemical of 

Potential 
Concern

Exposure Point 
Concentration
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Scenario Timeframe:  Future  
Receptor Population:  Resident
Receptor Age:  Lifetime

Intake/ Exposure Concentration Slope Factor/Unit Risk Cancer Intake/ Exposure Concentration RfD/RfC Hazard
Value Unit Value Unit Value Unit Risk Value Unit Value Unit Quotient

Surface Surface Soil Site Soil Ingestion Semi-volatile Organic Compounds

Benzo(a)anthracene 9.18E-01 mg/kg 5.99E-06 mg/kg-day 7.30E-01 (mg/kg-day)-1
4.37E-06 1.17E-05 mg/kg-day NA NA NA

Benzo(a)pyrene 8.83E-01 mg/kg 5.77E-06 mg/kg-day 7.30E+00 (mg/kg-day)-1
4.21E-05 1.13E-05 mg/kg-day NA NA NA

Benzo(b)fluoranthene 1.61E+00 mg/kg 1.05E-05 mg/kg-day 7.30E-01 (mg/kg-day)-1
7.66E-06 2.06E-05 mg/kg-day NA NA NA

Benzo(k)fluoranthene 7.12E-01 mg/kg 4.65E-06 mg/kg-day 7.30E-02 (mg/kg-day)-1
3.39E-07 9.11E-06 mg/kg-day NA NA NA

Indeno(1,2,3-cd)pyrene 3.30E-01 mg/kg 2.15E-06 mg/kg-day 7.30E-01 (mg/kg-day)-1
1.57E-06 4.22E-06 mg/kg-day NA NA NA

Pesticides/Polychlorinated Biphenyls

4,4'-DDT 1.33E-01 mg/kg 1.91E-07 mg/kg-day 3.40E-01 (mg/kg-day)-1
6.49E-08 1.70E-06 mg/kg-day 5.00E-04 mg/kg-day 3.39E-03

Aroclor 1260 5.14E-01 mg/kg 7.40E-07 mg/kg-day 2.00E+00 (mg/kg-day)-1
1.48E-06 6.58E-06 mg/kg-day 2.00E-05 mg/kg-day 3.29E-01

Dieldrin 6.20E-01 mg/kg 8.92E-07 mg/kg-day 1.60E+01 (mg/kg-day)-1
1.43E-05 7.93E-06 mg/kg-day 5.00E-05 mg/kg-day 1.59E-01

Inorganics

Aluminum 8.69E+03 mg/kg 1.25E-02 mg/kg-day NA NA NA 1.11E-01 mg/kg-day 1.00E+00 mg/kg-day 1.11E-01

Arsenic 1.31E+01 mg/kg 1.89E-05 mg/kg-day 1.50E+00 (mg/kg-day)-1
2.83E-05 1.68E-04 mg/kg-day 3.00E-04 mg/kg-day 5.59E-01

Chromium 1.69E+01 mg/kg 1.10E-04 mg/kg-day 5.00E-01 (mg/kg-day)-1
5.50E-05 2.15E-04 mg/kg-day 3.00E-03 mg/kg-day 7.18E-02

Cobalt 5.54E+00 mg/kg 7.96E-06 mg/kg-day NA NA NA 7.08E-05 mg/kg-day 3.00E-04 mg/kg-day 2.36E-01

Iron 1.63E+04 mg/kg 2.34E-02 mg/kg-day NA NA NA 2.08E-01 mg/kg-day 7.00E-01 mg/kg-day 2.97E-01

Lead 1.65E+02 mg/kg 2.37E-04 mg/kg-day NA NA NA 2.11E-03 mg/kg-day NA NA NA

Manganese 2.51E+02 mg/kg 3.60E-04 mg/kg-day NA NA NA 3.20E-03 mg/kg-day 1.40E-01 mg/kg-day 2.29E-02

Mercury 6.38E+01 mg/kg 9.17E-05 mg/kg-day NA NA NA 8.15E-04 mg/kg-day NA NA NA

Selenium 6.44E+02 mg/kg 9.26E-04 mg/kg-day NA NA 8.24E-03 mg/kg-day 5.00E-03 mg/kg-day 1.65E+00
Vanadium 2.70E+01 mg/kg 3.89E-05 mg/kg-day NA NA NA 3.45E-04 mg/kg-day 5.00E-03 mg/kg-day 6.91E-02

Exp. Route Total 1.55E-04 3.50E+00

Surface Surface Soil Site Soil Dermal Semi-volatile Organic Compounds

Contact Benzo(a)anthracene 9.18E-01 mg/kg 2.22E-06 mg/kg-day 7.30E-01 (mg/kg-day)-1
1.62E-06 4.10E-06 mg/kg-day NA NA NA

Benzo(a)pyrene 8.83E-01 mg/kg 2.14E-06 mg/kg-day 7.30E+00 (mg/kg-day)-1
1.56E-05 3.95E-06 mg/kg-day NA NA NA

Benzo(b)fluoranthene 1.61E+00 mg/kg 3.89E-06 mg/kg-day 7.30E-01 (mg/kg-day)-1
2.84E-06 7.19E-06 mg/kg-day NA NA NA

Benzo(k)fluoranthene 7.12E-01 mg/kg 1.72E-06 mg/kg-day 7.30E-02 (mg/kg-day)-1
1.26E-07 3.18E-06 mg/kg-day NA NA NA

Indeno(1,2,3-cd)pyrene 3.30E-01 mg/kg 7.98E-07 mg/kg-day 7.30E-01 (mg/kg-day)-1
5.82E-07 1.47E-06 mg/kg-day NA NA NA

Pesticides/Polychlorinated Biphenyls

4,4'-DDT 1.33E-01 mg/kg 1.75E-08 mg/kg-day 3.40E-01 (mg/kg-day)-1
5.95E-09 1.37E-07 mg/kg-day 5.00E-04 mg/kg-day 2.74E-04

Aroclor 1260 5.14E-01 mg/kg 3.16E-07 mg/kg-day 2.00E+00 (mg/kg-day)-1
6.33E-07 2.48E-06 mg/kg-day 2.00E-05 mg/kg-day 1.24E-01

Dieldrin 6.20E-01 mg/kg NA NA 1.60E+01 (mg/kg-day)-1
NA NA NA 5.00E-05 mg/kg-day NA

Inorganics

Aluminum 8.69E+03 mg/kg NA NA NA NA NA NA NA 1.00E+00 mg/kg-day NA

Arsenic 1.31E+01 mg/kg 1.73E-06 mg/kg-day 1.50E+00 (mg/kg-day)-1
2.59E-06 1.35E-05 mg/kg-day 3.00E-04 mg/kg-day 4.51E-02

Chromium 1.69E+01 mg/kg NA NA 5.00E-01 (mg/kg-day)-1
NA NA NA 7.50E-05 mg/kg-day NA

Cobalt 5.54E+00 mg/kg NA NA NA NA NA NA NA 3.00E-04 mg/kg-day NA

Iron 1.63E+04 mg/kg NA NA NA NA NA NA NA 7.00E-01 mg/kg-day NA

Lead 1.65E+02 mg/kg NA NA NA NA NA NA NA NA NA NA

Manganese 2.51E+02 mg/kg NA NA NA NA NA NA NA 5.60E-03 mg/kg-day NA

Mercury 6.38E+01 mg/kg NA NA NA NA NA NA NA NA NA NA

Selenium 6.44E+02 mg/kg NA NA NA NA NA NA NA 5.00E-03 mg/kg-day NA
Vanadium 2.70E+01 mg/kg NA NA NA NA NA NA NA 5.00E-03 mg/kg-day NA

Exp. Route Total 2.40E-05 1.69E-01

Cancer Risk Calculation Noncancer Hazard Calculation

TABLE B-7.2

CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of Potential Concern

Exposure Point 

Concentration (1)

Former Wolff-Alport Chemical Company Site
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Scenario Timeframe:  Future  
Receptor Population:  Resident
Receptor Age:  Lifetime

Intake/ Exposure Concentration Slope Factor/Unit Risk Cancer Intake/ Exposure Concentration RfD/RfC Hazard
Value Unit Value Unit Value Unit Risk Value Unit Value Unit Quotient

Cancer Risk Calculation Noncancer Hazard Calculation

TABLE B-7.2

CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of Potential Concern

Exposure Point 

Concentration (1)

Former Wolff-Alport Chemical Company Site

Surface Surface Soil Site Soil Inhalation Semi-volatile Organic Compounds
  Benzo(a)anthracene 9.18E-01 mg/kg 1.28E-06 µg/m3

1.10E-04 (µg/m3) 1
1.41E-10 2.16E-08 mg/m3

NA NA NA

Benzo(a)pyrene 8.83E-01 mg/kg 1.11E-06 µg/m3
1.10E-03 (µg/m3)-1

1.22E-09 6.73E-09 mg/m3
NA NA NA

Benzo(b)fluoranthene 1.61E+00 mg/kg 2.01E-06 µg/m3
1.10E-04 (µg/m3)-1

2.22E-10 1.23E-08 mg/m3
NA NA NA

Benzo(k)fluoranthene 7.12E-01 mg/kg 8.92E-07 µg/m3
1.10E-04 (µg/m3)-1

9.81E-11 5.43E-09 mg/m3
NA NA NA

Indeno(1,2,3-cd)pyrene 3.30E-01 mg/kg 4.13E-07 µg/m3
1.10E-04 (µg/m3)-1

4.54E-11 2.51E-09 mg/m3
NA NA NA

Pesticides/Polychlorinated Biphenyls

4,4'-DDT 1.33E-01 mg/kg 6.00E-08 µg/m3
9.70E-05 (µg/m3)-1

5.82E-12 1.01E-09 mg/m3
NA NA NA

Aroclor 1260 5.14E-01 mg/kg 1.36E-06 µg/m3
5.70E-04 (µg/m3)-1

7.73E-10 2.28E-08 mg/m3
NA NA NA

Dieldrin 6.20E-01 mg/kg 2.81E-07 µg/m3
4.60E-03 (µg/m3)-1

1.29E-09 4.73E-09 mg/m3
NA mg/m3

NA

Inorganics

Aluminum 8.69E+03 mg/kg 3.93E-03 µg/m3
NA NA NA 6.62E-05 mg/m3

5.00E-03 mg/m3
1.32E-02

Arsenic 1.31E+01 mg/kg 5.94E-06 µg/m3
4.30E-03 (µg/m3)-1

2.55E-08 1.00E-07 mg/m3
1.50E-05 mg/m3

6.67E-03

Chromium 1.69E+01 mg/kg 2.11E-05 µg/m3
8.40E-04 (µg/m3)-1

1.77E-08 1.28E-07 mg/m3
1.00E-04 mg/m3

1.28E-03

Cobalt 5.54E+00 mg/kg 2.50E-06 µg/m3
9.00E-03 (µg/m3)-1

2.25E-08 4.22E-08 mg/m3
6.00E-06 mg/m3

7.03E-03

Iron 1.63E+04 mg/kg 7.35E-03 µg/m3
NA NA NA 1.24E-04 mg/m3

NA NA NA

Lead 1.65E+02 mg/kg 7.46E-05 µg/m3
NA NA NA 1.26E-06 mg/m3

NA NA NA

Manganese 2.51E+02 mg/kg 1.13E-04 µg/m3
NA NA NA 1.91E-06 mg/m3

5.00E-05 mg/m3
3.82E-02

Mercury 6.38E+01 mg/kg 2.88E-05 µg/m3
NA NA NA 4.86E-07 mg/m3

3.00E-04 mg/m3
1.62E-03

Selenium 6.44E+02 mg/kg 2.91E-04 µg/m3
NA NA NA 4.91E-06 mg/m3

2.00E-02 mg/m3
2.45E-04

Vanadium 2.70E+01 mg/kg 1.22E-05 µg/m3
8.30E-03 (µg/m3)-1

1.01E-07 2.06E-07 mg/m3
1.00E-04 mg/m3

2.06E-03

Exp. Route Total 1.71E-07 7.03E-02

Exposure Point Total 1.79E-04 3.74E+00

NA = not applicable RfD = reference dose mg/kg = milligram per kilogram µg/m3 = microgram per cubic meter

FWACC = Former Wolff-Alport Chemical Company RfC= reference concentration mg/kg-day = milligram per kilogram per day mg/m3 = milligram per cubic meter
(1) Exposure Point Concentration excludes hot spots for PAHs (SB-31), DDT (SB-45), and Aroclor 1260 (SB-45)
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Scenario Timeframe:  Future  
Receptor Population:  Resident
Receptor Age:  Lifetime

Intake/ Exposure Concentration Slope Factor/Unit Risk Cancer Intake/ Exposure Concentration RfD/RfC Hazard
Value Unit Value Unit Value Unit Risk Value Unit Value Unit Quotient

Groundwate Groundwater Tap Water Ingestion Volatile Organic Compounds

Chloroform 2.90E+00 µg/L 3.73E-05 mg/kg-day 3.10E-02 (mg/kg-day)-1
1.16E-06 1.45E-04 mg/kg-day 1.00E-02 mg/kg-day 1.45E-02

cis-1,2-Dichloroethene 2.33E+01 µg/L 2.99E-04 mg/kg-day NA NA NA 1.16E-03 mg/kg-day 2.00E-03 mg/kg-day 5.81E-01

Tetrachloroethene 5.48E+02 µg/L 7.04E-03 mg/kg-day 2.10E-03 (mg/kg-day)-1
1.48E-05 2.73E-02 mg/kg-day 6.00E-03 mg/kg-day 4.56E+00

Trichloroethene 5.48E+00 µg/L See Table B-7.4 mg/kg-day 4.60E-02 (mg/kg-day)-1
4.61E-06 2.73E-04 mg/kg-day 5.00E-04 mg/kg-day 5.46E-01

Inorganics

Arsenic 2.50E+00 µg/L 3.21E-05 mg/kg-day 1.50E+00 (mg/kg-day)-1
4.81E-05 1.25E-04 mg/kg-day 3.00E-04 mg/kg-day 4.16E-01

Chromium 9.50E+00 µg/L 3.79E-04 mg/kg-day 5.00E-01 (mg/kg-day)-1
1.90E-04 4.74E-04 mg/kg-day 3.00E-03 mg/kg-day 1.58E-01

Cobalt 2.70E+00 µg/L 3.47E-05 mg/kg-day NA NA NA 1.35E-04 mg/kg-day 3.00E-04 mg/kg-day 4.49E-01

Iron 1.23E+03 µg/L 1.58E-02 mg/kg-day NA NA NA 6.13E-02 mg/kg-day 7.00E-01 mg/kg-day 8.76E-02

Mercury 7.50E-02 µg/L 9.63E-07 mg/kg-day NA NA NA 3.74E-06 mg/kg-day NA NA NA
Selenium 2.29E+01 µg/L 2.94E-04 mg/kg-day NA NA NA 1.14E-03 mg/kg-day 5.00E-03 mg/kg-day 2.28E-01

Exp. Route Total 2.58E-04 7.04E+00

Groundwate Groundwater Tap Water Dermal Volatile Organic Compounds

Contact Chloroform 2.90E+00 µg/L 1.16E-05 mg/kg-day 3.10E-02 (mg/kg-day)-1
3.58E-07 8.86E-06 mg/kg-day 1.00E-02 mg/kg-day 8.86E-04

cis-1,2-Dichloroethene 2.33E+01 µg/L 1.29E-04 mg/kg-day NA NA NA 9.92E-05 mg/kg-day 2.00E-03 mg/kg-day 4.96E-02

Tetrachloroethene 5.48E+02 µg/L 1.44E-02 mg/kg-day 2.10E-03 (mg/kg-day)-1
3.02E-05 1.10E-02 mg/kg-day 6.00E-03 mg/kg-day 1.84E+00

Trichloroethene 5.48E+00 µg/L See Table B-7.4 mg/kg-day 4.60E-02 (mg/kg-day)-1
7.59E-07 3.07E-05 mg/kg-day 5.00E-04 mg/kg-day 6.14E-02

Inorganics

Arsenic 2.50E+00 µg/L 4.27E-10 mg/kg-day 1.50E+00 (mg/kg-day)-1
6.40E-10 3.27E-10 mg/kg-day 3.00E-04 mg/kg-day 1.09E-06

Chromium 9.50E+00 µg/L 1.05E-09 mg/kg-day 5.00E-01 (mg/kg-day)-1
5.24E-10 1.24E-09 mg/kg-day 7.50E-05 mg/kg-day 1.66E-05

Cobalt 2.70E+00 µg/L 1.84E-10 mg/kg-day NA NA NA 1.41E-10 mg/kg-day 3.00E-04 mg/kg-day 4.71E-07

Iron 1.23E+03 µg/L 2.10E-07 mg/kg-day NA NA NA 1.61E-07 mg/kg-day 7.00E-01 mg/kg-day 2.30E-07

Mercury 7.50E-02 µg/L 1.28E-11 mg/kg-day NA NA NA 9.82E-12 mg/kg-day NA NA NA
Selenium 2.29E+01 µg/L 3.91E-09 mg/kg-day NA NA NA 3.00E-09 mg/kg-day 5.00E-03 mg/kg-day 5.99E-07

Exp. Route Total 3.14E-05 1.95E+00

Groundwate Groundwater Tap Water Inhalation Volatile Organic Compounds

Chloroform 2.90E+00 µg/L 6.09E-01 µg/m3
2.30E-05 (µg/m3)-1

1.40E-05 1.07E-03 mg/m3
9.80E-02 mg/m3

1.09E-02

cis-1,2-Dichloroethene 2.33E+01 µg/L 5.01E+00 µg/m3
NA NA NA 8.80E-03 mg/m3

NA NA NA

Tetrachloroethene 5.48E+02 µg/L 1.05E+02 µg/m3
2.60E-07 (µg/m3)-1

2.72E-05 1.84E-01 mg/m3
4.00E-02 mg/m3

4.59E+00
Trichloroethene 5.48E+00 µg/L See Table B-7.4 µg/m3

4.10E-06 (µg/m3)-1
6.16E-06 1.93E-03 mg/m3

2.00E-03 mg/m3
9.65E-01

Exp. Route Total 4.74E-05 5.57E+00

Exposure Point Total 3.37E-04 1.46E+01

NA = not applicable RfD = reference dose mg/kg = milligram per kilogram µg/m3 = microgram per cubic meter

FWACC = Former Wolff-Alport Chemical Company RfC= reference concentration mg/kg-day = milligram per kilogram per day mg/m3 = milligram per cubic meter

Cancer Risk Calculation Noncancer Hazard Calculation

TABLE B-7.3

CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of Potential Concern
Exposure Point 
Concentration

Former Wolff-Alport Chemical Company Site
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Common Exposure Parameters
Groundwater Concentration (CW) 5.5 µg/L
Exposure Frequency 350 days
Permeability Coefficient 0.0116 cm/hr (Table B-4.8)
Fraction Absorbed Water 1 (Table B-4.8)
Lag time 0.5723119 hr/day (Table B-4.8)
Exposure Time - child 0.54 hr/day (Table B-4.5)
Exposure Time - adult 0.71 hr/day (Table B-4.5)

Ingestion

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13
Unit kg L/day mg/L yr - (mg/kg/d)-1

- - (mg/kg/d)-1 (mg/kg/d)-1
- -

Equation - - CW/1000 -
(C5 / 70 yr x 

EF / 365 days) - -
(C3 x C4 x C6 x 
C7 x C8 / C2) - (C10 − C7) (C3 x C4 x C6 

x C11 / C2) (C9 + C12)

Age group Body 
Weight

Ingestion Rate Exposure 
Concentration

Age Group 
Duration

Duration 
Adjustment

Kidney 
Slope Factor

Kidney 
Cancer 
ADAF

Kidney ADAF-
Adjusted Partial 

Risk

Kidney+NHL+ 
Liver Slope 

Factor

NHL+Liver 
Slope Factor

NHL+Liver 
Partial Risk

Total Partial 
Risk

0 to <2 years 15 0.78 0.005 2 2.7E-02 9.3E-03 10 7.3E-07 4.6E-02 3.7E-02 2.9E-07 1.0E-06
2 to <6 years 15 0.78 0.005 4 5.5E-02 9.3E-03 3 4.4E-07 4.6E-02 3.7E-02 5.7E-07 1.0E-06
6 to <16 years 80 2.5 0.005 10 1.4E-01 9.3E-03 3 6.5E-07 4.6E-02 3.7E-02 8.6E-07 1.5E-06
16 to <26 years 80 2.5 0.005 10 1.4E-01 9.3E-03 1 2.2E-07 4.6E-02 3.7E-02 8.6E-07 1.1E-06

Total Ingestion Risk 4.6E-06

Dermal Contact

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13
Unit kg cm2/day mg/cm2

yr - (mg/kg/d)-1
- - (mg/kg/d)-1 (mg/kg/d)-1

- -

Equation - - Table B-4.8 -
(C5 / 70 yr x 

EF / 365 days) - -
(C3 x C4 x C6 x 
C7 x C8 / C2) - (C10 − C7) (C3 x C4 x C6 

x C11 / C2) (C9 + C12)

Age group Body 
Weight

Skin Surface 
Area

Dermal 
Absorbed 
(DAevent)

Age Group 
Duration

Duration 
Adjustment

Kidney 
Slope Factor

Kidney 
Cancer 
ADAF

Kidney ADAF-
Adjusted Partial 

Risk

Kidney+NHL+ 
Liver Slope 

Factor

NHL+Liver 
Slope Factor

NHL+Liver 
Partial Risk

Total Partial 
Risk

0 to <2 years 15 6,378 1.1E-07 2 2.7E-02 9.3E-03 10 1.2E-07 4.6E-02 3.7E-02 4.7E-08 1.6E-07
2 to <6 years 15 6,378 1.1E-07 4 5.5E-02 9.3E-03 3 7.1E-08 4.6E-02 3.7E-02 9.3E-08 1.6E-07
6 to <16 years 80 20,900 1.1E-07 10 1.4E-01 9.3E-03 3 1.1E-07 4.6E-02 3.7E-02 1.4E-07 2.5E-07
16 to <26 years 80 20,900 1.1E-07 10 1.4E-01 9.3E-03 1 3.6E-08 4.6E-02 3.7E-02 1.4E-07 1.8E-07

Total Dermal Risk 7.6E-07

Ridgewood, Queens, New York

TABLE B-7.4

CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS - TRICHLOROETHYLENE

GROUNDWATER FOR FUTURE RESIDENT

REASONABLE MAXIMUM EXPOSURE

Former Wolff-Alport Chemical Company Site

Exposure Parameters Cancer Risk Calculations

Exposure Parameters Cancer Risk Calculations
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Ridgewood, Queens, New York

TABLE B-7.4

CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS - TRICHLOROETHYLENE

GROUNDWATER FOR FUTURE RESIDENT

REASONABLE MAXIMUM EXPOSURE

Former Wolff-Alport Chemical Company Site

Inhalation of Volatile Chemicals

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13
Unit hr/day μg/m3 μg/m3

yr - (μg/m3)-1
- - (μg/m3)-1 (μg/m3)-1

- -

Equation - Table D-3/D-4 C3 -
(C5 / 70 yr x 
C2 / 24 hrs x 

EF / 365 days)
- -

(C4 x C6 x C7 x 
C8) - (C10 − C7) (C4 x C6 x 

C11) (C9 + C12)

Age group Exposure 
Time

Chemical 
Concentration 

in Air

Exposure 
Concentration

Age Group 
Duration

Duration 
Adjustment

Kidney Unit 
Risk

Kidney 
Cancer 
ADAF

Kidney ADAF-
Adjusted Partial 

Risk

Kidney+NHL+ 
Liver Unit Risk

NHL+Liver Unit 
Risk

NHL+Liver 
Partial Risk

Total Partial 
Risk

0 to <2 years 0.54 8.9E+01 8.9E+01 2 6.2E-04 1.0E-06 10 5.5E-07 4.1E-06 3.1E-06 1.7E-07 7.2E-07
2 to <6 years 0.54 8.9E+01 8.9E+01 4 1.2E-03 1.0E-06 3 3.3E-07 4.1E-06 3.1E-06 3.4E-07 6.7E-07
6 to <16 years 0.71 1.2E+02 1.2E+02 10 4.1E-03 1.0E-06 3 1.4E-06 4.1E-06 3.1E-06 1.4E-06 2.8E-06
16 to <26 years 0.71 1.2E+02 1.2E+02 10 4.1E-03 1.0E-06 1 4.7E-07 4.1E-06 3.1E-06 1.4E-06 1.9E-06

Total Inhalation Risk 6.2E-06

ADAF = age-dependent adjustment factors
FWACC = Former Wolff-Alport Chemical Company
Source:
(1) EPA 2011. Toxicological Review of Trichloroethylene (CAS No. 79-01-6) in Support of Summary Information on the Integrated Risk Information System (IRIS). September.

Exposure Parameters Cancer Risk Calculations
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Scenario Timeframe:  Future
Receptor Population:  Industrial Worker
Receptor Age:  Adult

Intake/ Exposure Concentration Slope Factor/Unit Risk Cancer Intake/ Exposure Concentration RfD/RfC Hazard
Value Unit Value Unit Value Unit Risk Value Unit Value Unit Quotient

Soil Soil Site Soil Ingestion Semi-volatile Organic Compounds

 Benzo(a)anthracene 7.89E+00 mg/kg 2.41E-06 mg/kg-day 7.30E-01 (mg/kg-day)-1 1.76E-06 6.76E-06 mg/kg-day NA NA NA

Benzo(a)pyrene 6.20E+00 mg/kg 1.90E-06 mg/kg-day 7.30E+00 (mg/kg-day)-1 1.38E-05 5.31E-06 mg/kg-day NA NA NA

Benzo(b)fluoranthene 7.85E+00 mg/kg 2.40E-06 mg/kg-day 7.30E-01 (mg/kg-day)-1 1.75E-06 6.72E-06 mg/kg-day NA NA NA

Benzo(k)fluoranthene 4.00E+00 mg/kg 1.22E-06 mg/kg-day 7.30E-02 (mg/kg-day)-1 8.92E-08 3.42E-06 mg/kg-day NA NA NA

Indeno(1,2,3-cd)pyrene 9.47E-01 mg/kg 2.90E-07 mg/kg-day 7.30E-01 (mg/kg-day)-1 2.11E-07 8.11E-07 mg/kg-day NA NA NA

Pesticides/Polychlorinated Biphenyls

4,4'-DDT 4.89E+00 mg/kg 1.49E-06 mg/kg-day 3.40E-01 (mg/kg-day)-1 5.08E-07 4.18E-06 mg/kg-day 5.00E-04 mg/kg-day 8.37E-03

Aroclor 1260 5.80E+01 mg/kg 1.77E-05 mg/kg-day 2.00E+00 (mg/kg-day)-1 3.55E-05 4.97E-05 mg/kg-day 2.00E-05 mg/kg-day 2.48E+00

Dieldrin 6.20E-01 mg/kg 1.90E-07 mg/kg-day 1.60E+01 (mg/kg-day)-1 3.03E-06 5.31E-07 mg/kg-day 5.00E-05 mg/kg-day 1.06E-02

Inorganics

Aluminum 8.69E+03 mg/kg 2.66E-03 mg/kg-day NA NA NA 7.44E-03 mg/kg-day 1.00E+00 mg/kg-day 7.44E-03

Arsenic 1.31E+01 mg/kg 4.01E-06 mg/kg-day 1.50E+00 (mg/kg-day)-1 6.02E-06 1.12E-05 mg/kg-day 3.00E-04 mg/kg-day 3.74E-02

Chromium 1.69E+01 mg/kg 5.15E-06 mg/kg-day 5.00E-01 (mg/kg-day)-1 2.58E-06 1.44E-05 mg/kg-day 3.00E-03 mg/kg-day 4.81E-03

Cobalt 5.54E+00 mg/kg 1.69E-06 mg/kg-day NA NA NA 4.74E-06 mg/kg-day 3.00E-04 mg/kg-day 1.58E-02

Iron 1.63E+04 mg/kg 4.97E-03 mg/kg-day NA NA NA 1.39E-02 mg/kg-day 7.00E-01 mg/kg-day 1.99E-02

Lead 1.65E+02 mg/kg 5.04E-05 mg/kg-day NA NA NA 1.41E-04 mg/kg-day NA NA NA

Manganese 2.51E+02 mg/kg 7.66E-05 mg/kg-day NA NA NA 2.14E-04 mg/kg-day 1.40E-01 mg/kg-day 1.53E-03

Mercury 6.38E+01 mg/kg 1.95E-05 mg/kg-day NA NA NA 5.46E-05 mg/kg-day NA NA NA

Selenium 6.44E+02 mg/kg 1.97E-04 mg/kg-day NA NA NA 5.51E-04 mg/kg-day 5.00E-03 mg/kg-day 1.10E-01
Vanadium 2.70E+01 mg/kg 8.26E-06 mg/kg-day NA NA NA 2.31E-05 mg/kg-day 5.00E-03 mg/kg-day 4.63E-03

Exp. Route Total 6.53E-05 2.71E+00

Soil Soil Site Soil Dermal Semi-volatile Organic Compounds

Contact Benzo(a)anthracene 7.89E+00 mg/kg 3.27E-06 mg/kg-day 7.30E-01 (mg/kg-day)-1 2.38E-06 9.14E-06 mg/kg-day NA NA NA

Benzo(a)pyrene 6.20E+00 mg/kg 2.57E-06 mg/kg-day 7.30E+00 (mg/kg-day)-1 1.87E-05 7.18E-06 mg/kg-day NA NA NA

Benzo(b)fluoranthene 7.85E+00 mg/kg 3.25E-06 mg/kg-day 7.30E-01 (mg/kg-day)-1 2.37E-06 9.09E-06 mg/kg-day NA NA NA

Benzo(k)fluoranthene 4.00E+00 mg/kg 1.65E-06 mg/kg-day 7.30E-02 (mg/kg-day)-1 1.21E-07 4.63E-06 mg/kg-day NA NA NA

Indeno(1,2,3-cd)pyrene 9.47E-01 mg/kg 3.92E-07 mg/kg-day 7.30E-01 (mg/kg-day)-1 2.86E-07 1.10E-06 mg/kg-day NA NA NA

Pesticides/Polychlorinated Biphenyls

4,4'-DDT 4.89E+00 mg/kg 4.67E-07 mg/kg-day 3.40E-01 (mg/kg-day)-1 1.59E-07 1.31E-06 mg/kg-day 5.00E-04 mg/kg-day 2.61E-03

Aroclor 1260 5.80E+01 mg/kg 2.59E-05 mg/kg-day 2.00E+00 (mg/kg-day)-1 5.17E-05 7.24E-05 mg/kg-day 2.00E-05 mg/kg-day 3.62E+00

Dieldrin 6.20E-01 mg/kg NA NA 1.60E+01 (mg/kg-day)-1 NA NA NA 5.00E-05 mg/kg-day NA

Inorganics

Aluminum 8.69E+03 mg/kg NA NA NA NA NA NA NA 1.00E+00 mg/kg-day NA

Arsenic 1.31E+01 mg/kg 1.25E-06 mg/kg-day 1.50E+00 (mg/kg-day)-1 1.88E-06 3.51E-06 mg/kg-day 3.00E-04 mg/kg-day 1.17E-02

Chromium 1.69E+01 mg/kg NA NA 5.00E-01 (mg/kg-day)-1 NA NA NA 7.50E-05 mg/kg-day NA

Cobalt 5.54E+00 mg/kg NA NA NA NA NA NA NA 3.00E-04 mg/kg-day NA

Iron 1.63E+04 mg/kg NA NA NA NA NA NA NA 7.00E-01 mg/kg-day NA

Lead 1.65E+02 mg/kg NA NA NA NA NA NA NA NA NA NA

Manganese 2.51E+02 mg/kg NA NA NA NA NA NA NA 5.60E-03 mg/kg-day NA

Mercury 6.38E+01 mg/kg NA NA NA NA NA NA NA NA NA NA

Selenium 6.44E+02 mg/kg NA NA NA NA NA NA NA 5.00E-03 mg/kg-day NA
Vanadium 2.70E+01 mg/kg NA NA NA NA NA NA NA 5.00E-03 mg/kg-day NA

Exp. Route Total 7.77E-05 3.64E+00

Exposure Point 
Concentration

Cancer Risk Calculation Noncancer Hazard Calculation

TABLE B-7.5

CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of Potential Concern
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Scenario Timeframe:  Future
Receptor Population:  Industrial Worker
Receptor Age:  Adult

Intake/ Exposure Concentration Slope Factor/Unit Risk Cancer Intake/ Exposure Concentration RfD/RfC Hazard
Value Unit Value Unit Value Unit Risk Value Unit Value Unit Quotient

Exposure Point 
Concentration

Cancer Risk Calculation Noncancer Hazard Calculation

TABLE B-7.5

CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of Potential Concern

Soil Soil Site Soil Inhalation Semi-volatile Organic Compounds

Benzo(a)anthracene 7.89E+00 mg/kg 2.78E-06 µg/m3 1.10E-04 (µg/m3)-1 3.06E-10 7.79E-09 mg/m3 NA NA NA

Benzo(a)pyrene 6.20E+00 mg/kg 7.06E-07 µg/m3 1.10E-03 (µg/m3)-1 7.77E-10 1.98E-09 mg/m3 NA NA NA

Benzo(b)fluoranthene 7.85E+00 mg/kg 8.94E-07 µg/m3 1.10E-04 (µg/m3)-1 9.84E-11 2.50E-09 mg/m3 NA NA NA

Benzo(k)fluoranthene 4.00E+00 mg/kg 4.55E-07 µg/m3 1.10E-04 (µg/m3)-1 5.01E-11 1.28E-09 mg/m3 NA NA NA

Indeno(1,2,3-cd)pyrene 9.47E-01 mg/kg 1.08E-07 µg/m3 1.10E-04 (µg/m3)-1 1.19E-11 3.02E-10 mg/m3 NA NA NA

Pesticides/Polychlorinated Biphenyls

4,4'-DDT 4.89E+00 mg/kg 5.57E-07 µg/m3 9.70E-05 (µg/m3)-1 5.40E-11 1.56E-09 mg/m3 NA NA NA

Aroclor 1260 5.80E+01 mg/kg 3.85E-05 µg/m3 5.70E-04 (µg/m3)-1 2.20E-08 1.08E-07 mg/m3 NA NA NA

Dieldrin 6.20E-01 mg/kg 7.07E-08 µg/m3 4.60E-03 (µg/m3)-1 3.25E-10 1.98E-10 mg/m3 NA mg/m3 NA

Inorganics

Aluminum 8.69E+03 mg/kg 9.90E-04 µg/m3 NA NA NA 2.77E-06 mg/m3 5.00E-03 mg/m3 5.54E-04

Arsenic 1.31E+01 mg/kg 1.49E-06 µg/m3 4.30E-03 (µg/m3)-1 6.43E-09 4.19E-09 mg/m3 1.50E-05 mg/m3 2.79E-04

Chromium 1.69E+01 mg/kg 1.92E-06 µg/m3 8.40E-04 (µg/m3)-1 1.61E-09 5.38E-09 mg/m3 1.00E-04 mg/m3 5.38E-05

Cobalt 5.54E+00 mg/kg 6.31E-07 µg/m3 9.00E-03 (µg/m3)-1 5.68E-09 1.77E-09 mg/m3 6.00E-06 mg/m3 2.94E-04

Iron 1.63E+04 mg/kg 1.85E-03 µg/m3 NA NA NA 5.19E-06 mg/m3 NA NA NA

Lead 1.65E+02 mg/kg 1.88E-05 µg/m3 NA NA NA 5.26E-08 mg/m3 NA NA NA

Manganese 2.51E+02 mg/kg 2.85E-05 µg/m3 NA NA NA 7.99E-08 mg/m3 5.00E-05 mg/m3 1.60E-03

Mercury 6.38E+01 mg/kg 7.26E-06 µg/m3 NA NA NA 2.03E-08 mg/m3 3.00E-04 mg/m3 6.78E-05

Selenium 6.44E+02 mg/kg 7.34E-05 µg/m3 NA NA NA 2.05E-07 mg/m3 2.00E-02 mg/m3 1.03E-05
Vanadium 2.70E+01 mg/kg 3.08E-06 µg/m3

8.30E-03 (µg/m3)-1
2.55E-08 8.62E-09 mg/m3

1.00E-04 mg/m3
8.62E-05

Exp. Route Total 6.28E-08 2.94E-03

Exposure Point Total 1.43E-04 6.34E+00

NA = not applicable RfD = reference dose mg/kg = milligram per kilogram µg/m3 = microgram per cubic meter

FWACC = Former Wolff-Alport Chemical Company RfC= reference concentration mg/kg-day = milligram per kilogram per day mg/m3 = milligram per cubic meter
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Scenario Timeframe:  Future  
Receptor Population:  Commercial Indoor Worker
Receptor Age:  Adult

Intake/ Exposure Concentration Slope Factor/Unit Risk Cancer Intake/ Exposure Concentration RfD/RfC Hazard
Value Unit Value Unit Value Unit Risk Value Unit Value Unit Quotient

Groundwater Groundwater Tap Water Ingestion Volatile Organic Compounds

Chloroform 2.90E+00 µg/L 2.22E-05 mg/kg-day 3.10E-02 (mg/kg-day)-1
6.88E-07 6.21E-05 mg/kg-day 1.00E-02 mg/kg-day 6.21E-03

cis-1,2-Dichloroethene 2.33E+01 µg/L 1.78E-04 mg/kg-day NA NA NA 4.99E-04 mg/kg-day 2.00E-03 mg/kg-day 2.50E-01

Tetrachloroethene 5.48E+02 µg/L 4.19E-03 mg/kg-day 2.10E-03 (mg/kg-day)-1
8.80E-06 1.17E-02 mg/kg-day 6.00E-03 mg/kg-day 1.96E+00

Trichloroethene 5.48E+00 µg/L 4.19E-05 mg/kg-day 4.60E-02 (mg/kg-day)-1
1.93E-06 1.17E-04 mg/kg-day 5.00E-04 mg/kg-day 2.34E-01

Inorganics

Arsenic 2.50E+00 µg/L 1.91E-05 mg/kg-day 1.50E+00 (mg/kg-day)-1
2.87E-05 5.35E-05 mg/kg-day 3.00E-04 mg/kg-day 1.78E-01

Chromium 9.50E+00 µg/L 7.26E-05 mg/kg-day 5.00E-01 (mg/kg-day)-1
3.63E-05 2.03E-04 mg/kg-day 3.00E-03 mg/kg-day 6.78E-02

Cobalt 2.70E+00 µg/L 2.06E-05 mg/kg-day NA NA NA 5.78E-05 mg/kg-day 3.00E-04 mg/kg-day 1.93E-01

Iron 1.23E+03 µg/L 9.40E-03 mg/kg-day NA NA NA 2.63E-02 mg/kg-day 7.00E-01 mg/kg-day 3.76E-02

Mercury 7.50E-02 µg/L 5.73E-07 mg/kg-day NA NA NA 1.61E-06 mg/kg-day NA NA NA
Selenium 2.29E+01 µg/L 1.75E-04 mg/kg-day NA NA NA 4.90E-04 mg/kg-day 5.00E-03 mg/kg-day 9.80E-02

Exp. Route Total 7.64E-05 3.02E+00

Groundwater Groundwater Tap Water Dermal Volatile Organic Compounds

Contact Chloroform 2.90E+00 µg/L 9.61E-16 mg/kg-day 3.10E-02 (mg/kg-day)-1
2.98E-17 2.69E-15 mg/kg-day 1.00E-02 mg/kg-day 2.69E-13

cis-1,2-Dichloroethene 2.33E+01 µg/L 1.08E-14 mg/kg-day NA NA NA 3.01E-14 mg/kg-day 2.00E-03 mg/kg-day 1.51E-11

Tetrachloroethene 5.48E+02 µg/L 1.20E-12 mg/kg-day 2.10E-03 (mg/kg-day)-1
2.51E-15 3.35E-12 mg/kg-day 6.00E-03 mg/kg-day 5.59E-10

Trichloroethene 5.48E+00 µg/L 3.33E-15 mg/kg-day 4.60E-02 (mg/kg-day)-1
1.53E-16 9.32E-15 mg/kg-day 5.00E-04 mg/kg-day 1.86E-11

Inorganics

Arsenic 2.50E+00 µg/L 3.55E-20 mg/kg-day 1.50E+00 (mg/kg-day)-1
5.32E-20 9.93E-20 mg/kg-day 3.00E-04 mg/kg-day 3.31E-16

Chromium 9.50E+00 µg/L 1.35E-19 mg/kg-day 5.00E-01 (mg/kg-day)-1
6.74E-20 3.77E-19 mg/kg-day 7.50E-05 mg/kg-day 5.03E-15

Cobalt 2.70E+00 µg/L 1.53E-20 mg/kg-day NA NA NA 4.29E-20 mg/kg-day 3.00E-04 mg/kg-day 1.43E-16

Iron 1.23E+03 µg/L 1.75E-17 mg/kg-day NA NA NA 4.89E-17 mg/kg-day 7.00E-01 mg/kg-day 6.98E-17

Mercury 7.50E-02 µg/L 1.06E-21 mg/kg-day NA NA NA 2.98E-21 mg/kg-day NA NA NA
Selenium 2.29E+01 µg/L 3.25E-19 mg/kg-day NA NA NA 9.10E-19 mg/kg-day 5.00E-03 mg/kg-day 1.82E-16

Exp. Route Total 2.70E-15 5.93E-10

Groundwater Groundwater Tap Water Inhalation Volatile Organic Compounds

Chloroform 1.45E+00 µg/L 6.09E-01 µg/m3
2.30E-05 (µg/m3)-1

1.40E-05 1.43E-06 mg/m3
9.80E-02 mg/m3

1.46E-05

cis-1,2-Dichloroethene 1.17E+01 µg/L 5.01E+00 µg/m3
NA (µg/m3)-1

NA 1.43E-06 mg/m3
NA mg/m3

NA

Tetrachloroethene 2.74E+02 µg/L 1.05E+02 µg/m3
2.60E-07 (µg/m3)-1

2.72E-05 1.43E-06 mg/m3
4.00E-02 mg/m3

3.57E-05
Trichloroethene 2.74E+00 µg/L 1.10E+00 µg/m3

4.10E-06 (µg/m3)-1
4.51E-06 1.43E-06 mg/m3

2.00E-03 mg/m3
7.13E-04

Exp. Route Total 4.57E-05 7.64E-04

Exposure Point Total 1.22E-04 3.02E+00

NA = not applicable RfD = reference dose mg/kg = milligram per kilogram µg/m3 = microgram per cubic meter

FWACC = Former Wolff-Alport Chemical Company RfC= reference concentration mg/kg-day = milligram per kilogram per day mg/m3 = milligram per cubic meter

Cancer Risk Calculation Noncancer Hazard Calculation

TABLE B-7.6

CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Former Wolff-Alport Chemical Company Site

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of Potential Concern
Exposure Point 
Concentration
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Scenario Timeframe:  Future
Receptor Population:  Construction/Uitility Worker
Receptor Age:  Adult

Intake/ Exposure Concentration Slope Factor/Unit Risk Cancer Intake/ Exposure Concentration RfD/RfC Hazard
Value Unit Value Unit Value Unit Risk Value Unit Value Unit Quotient

Soil Soil Site Soil Ingestion Semi-volatile Organic Compounds

Surface/ 1,1'-Biphenyl 4.23E+00 mg/kg 6.83E-08 mg/kg-day 8.00E-03 (mg/kg-day)-1
5.46E-10 4.78E-06 mg/kg-day 5.00E-01 mg/kg-day 9.56E-06

Subsurface 2-Methylnaphthalene 5.24E+01 mg/kg 8.46E-07 mg/kg-day NA (mg/kg-day)-1
NA 5.92E-05 mg/kg-day 4.00E-03 mg/kg-day 1.48E-02

 Benzo(a)anthracene 2.97E+00 mg/kg 4.79E-08 mg/kg-day 7.30E-01 (mg/kg-day)-1
3.50E-08 3.36E-06 mg/kg-day NA NA NA

Benzo(a)pyrene 2.27E+00 mg/kg 3.66E-08 mg/kg-day 7.30E+00 (mg/kg-day)-1
2.67E-07 2.56E-06 mg/kg-day NA NA NA

Benzo(b)fluoranthene 2.82E+00 mg/kg 4.55E-08 mg/kg-day 7.30E-01 (mg/kg-day)-1
3.32E-08 3.19E-06 mg/kg-day NA NA NA

Benzo(k)fluoranthene 1.37E+00 mg/kg 2.22E-08 mg/kg-day 7.30E-02 (mg/kg-day)-1
1.62E-09 1.55E-06 mg/kg-day NA NA NA

Bis(2-Ethylhexyl)Phthalate 1.02E+01 mg/kg 1.64E-07 mg/kg-day 1.40E-02 (mg/kg-day)-1
2.30E-09 1.15E-05 mg/kg-day 2.00E-02 mg/kg-day 5.75E-04

Indeno(1,2,3-cd)pyrene 6.98E-01 mg/kg 1.13E-08 mg/kg-day 7.30E-01 (mg/kg-day)-1
8.23E-09 7.89E-07 mg/kg-day NA NA NA

Naphthalene 1.72E+01 mg/kg 2.78E-07 mg/kg-day NA (mg/kg-day)-1
NA 1.94E-05 mg/kg-day 2.00E-02 mg/kg-day 9.71E-04

Pesticides/Polychlorinated Biphenyls

4,4'-DDT 1.79E+00 mg/kg 2.89E-08 mg/kg-day 3.40E-01 (mg/kg-day)-1
9.84E-09 2.03E-06 mg/kg-day 5.00E-04 mg/kg-day 4.05E-03

Aroclor 1260 2.45E+01 mg/kg 3.96E-07 mg/kg-day 2.00E+00 (mg/kg-day)-1
7.92E-07 2.77E-05 mg/kg-day 2.00E-05 mg/kg-day 1.39E+00

Dieldrin 2.60E-01 mg/kg 4.20E-09 mg/kg-day 1.60E+01 (mg/kg-day)-1
6.72E-08 2.94E-07 mg/kg-day 5.00E-05 mg/kg-day 5.88E-03

Inorganics

Aluminum 9.62E+03 mg/kg 1.55E-04 mg/kg-day NA NA NA 1.09E-02 mg/kg-day 1.00E+00 mg/kg-day 1.09E-02

Arsenic 1.07E+01 mg/kg 1.73E-07 mg/kg-day 1.50E+00 (mg/kg-day)-1
2.60E-07 1.21E-05 mg/kg-day 3.00E-04 mg/kg-day 4.04E-02

Chromium 1.78E+01 mg/kg 2.87E-07 mg/kg-day 5.00E-01 (mg/kg-day)-1
1.43E-07 2.01E-05 mg/kg-day 3.00E-03 mg/kg-day 6.69E-03

Cobalt 5.30E+00 mg/kg 8.56E-08 mg/kg-day NA NA NA 5.99E-06 mg/kg-day 3.00E-04 mg/kg-day 2.00E-02

Iron 1.51E+04 mg/kg 2.44E-04 mg/kg-day NA NA NA 1.71E-02 mg/kg-day 7.00E-01 mg/kg-day 2.44E-02

Lead 1.06E+02 mg/kg 1.71E-06 mg/kg-day NA NA NA 1.20E-04 mg/kg-day NA NA NA

Manganese 2.62E+02 mg/kg 4.23E-06 mg/kg-day NA NA NA 2.96E-04 mg/kg-day 1.40E-01 mg/kg-day 2.11E-03

Mercury 2.71E+01 mg/kg 4.38E-07 mg/kg-day NA NA NA 3.06E-05 mg/kg-day NA NA NA

Selenium 2.73E+02 mg/kg 4.41E-06 mg/kg-day NA NA NA 3.09E-04 mg/kg-day 5.00E-03 mg/kg-day 6.17E-02
Vanadium 2.69E+01 mg/kg 4.35E-07 mg/kg-day NA NA NA 3.04E-05 mg/kg-day 5.00E-03 mg/kg-day 6.08E-03

Exp. Route Total 1.62E-06 1.58E+00

Soil Soil Site Soil Dermal Semi-volatile Organic Compounds

Contact 1,1'-Biphenyl 4.23E+00 mg/kg NA NA 8.00E-03 (mg/kg-day)-1
NA NA NA 5.00E-01 mg/kg-day NA

2-Methylnaphthalene 5.24E+01 mg/kg 3.47E-07 mg/kg-day NA NA NA 2.43E-05 mg/kg-day 4.00E-03 mg/kg-day 6.07E-03

Benzo(a)anthracene 2.97E+00 mg/kg 1.97E-08 mg/kg-day 7.30E-01 (mg/kg-day)-1
1.43E-08 1.38E-06 mg/kg-day NA NA NA

Benzo(a)pyrene 2.27E+00 mg/kg 1.50E-08 mg/kg-day 7.30E+00 (mg/kg-day)-1
1.10E-07 1.05E-06 mg/kg-day NA NA NA

Benzo(b)fluoranthene 2.82E+00 mg/kg 1.87E-08 mg/kg-day 7.30E-01 (mg/kg-day)-1
1.36E-08 1.31E-06 mg/kg-day NA NA NA

Benzo(k)fluoranthene 1.37E+00 mg/kg 9.09E-09 mg/kg-day 7.30E-02 (mg/kg-day)-1
6.64E-10 6.36E-07 mg/kg-day NA NA NA

Bis(2-Ethylhexyl)Phthalate 1.02E+01 mg/kg 5.18E-08 mg/kg-day 1.40E-02 (mg/kg-day)-1
7.25E-10 3.63E-06 mg/kg-day 2.00E-02 mg/kg-day 1.81E-04

Indeno(1,2,3-cd)pyrene 6.98E-01 mg/kg 4.62E-09 mg/kg-day 7.30E-01 (mg/kg-day)-1
3.37E-09 3.24E-07 mg/kg-day NA NA NA

Naphthalene 1.72E+01 mg/kg 1.14E-07 mg/kg-day NA (mg/kg-day)-1
NA 7.97E-06 mg/kg-day 2.00E-02 mg/kg-day 3.98E-04

Pesticides/Polychlorinated Biphenyls

4,4'-DDT 1.79E+00 mg/kg 2.74E-09 mg/kg-day 3.40E-01 (mg/kg-day)-1
9.31E-10 1.92E-07 mg/kg-day 5.00E-04 mg/kg-day 3.84E-04

Aroclor 1260 2.45E+01 mg/kg 1.75E-07 mg/kg-day 2.00E+00 (mg/kg-day)-1
3.50E-07 1.22E-05 mg/kg-day 2.00E-05 mg/kg-day 6.12E-01

Dieldrin 2.60E-01 mg/kg NA NA 1.60E+01 (mg/kg-day)-1
NA NA NA 5.00E-05 mg/kg-day NA

Inorganics

Aluminum 9.62E+03 mg/kg NA NA NA NA NA NA NA 1.00E+00 mg/kg-day NA

Arsenic 1.07E+01 mg/kg 1.64E-08 mg/kg-day 1.50E+00 (mg/kg-day)-1
2.46E-08 1.15E-06 mg/kg-day 3.00E-04 mg/kg-day 3.83E-03

Chromium 1.78E+01 mg/kg NA NA 5.00E-01 (mg/kg-day)-1
NA NA NA 7.50E-05 mg/kg-day NA

Cobalt 5.30E+00 mg/kg NA NA NA NA NA NA NA 3.00E-04 mg/kg-day NA

Exposure Point 
Concentration

Cancer Risk Calculation Noncancer Hazard Calculation

TABLE B-7.7

CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of Potential Concern
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Scenario Timeframe:  Future
Receptor Population:  Construction/Uitility Worker
Receptor Age:  Adult

Intake/ Exposure Concentration Slope Factor/Unit Risk Cancer Intake/ Exposure Concentration RfD/RfC Hazard
Value Unit Value Unit Value Unit Risk Value Unit Value Unit Quotient

Exposure Point 
Concentration

Cancer Risk Calculation Noncancer Hazard Calculation

TABLE B-7.7

CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of Potential Concern

Soil Soil Site Soil Dermal Iron 1.51E+04 mg/kg NA NA NA NA NA NA NA 7.00E-01 mg/kg-day NA

(cont.) Lead 1.06E+02 mg/kg NA NA NA NA NA NA NA NA NA NA

Manganese 2.62E+02 mg/kg NA NA NA NA NA NA NA 5.60E-03 mg/kg-day NA

Mercury 2.71E+01 mg/kg NA NA NA NA NA NA NA NA NA NA

Selenium 2.73E+02 mg/kg NA NA NA NA NA NA NA 5.00E-03 mg/kg-day NA
Vanadium 2.69E+01 mg/kg NA NA NA NA NA NA NA 5.00E-03 mg/kg-day NA

Exp. Route Total 5.18E-07 6.23E-01

Soil Soil Site Soil Inhalation Semi-volatile Organic Compounds

1,1'-Biphenyl 4.23E+00 mg/kg 4.66E-07 µg/m3
NA NA NA 3.26E-08 mg/m3

4.00E-04 mg/m3
8.15E-05

2-Methylnaphthalene 5.24E+01 mg/kg 1.12E-05 µg/m3
NA NA NA 7.84E-07 mg/m3

NA NA NA

Benzo(a)anthracene 2.97E+00 mg/kg 1.52E-08 µg/m3
1.10E-04 (µg/m3)-1

1.68E-12 1.07E-09 mg/m3
NA NA NA

Benzo(a)pyrene 2.27E+00 mg/kg 3.76E-09 µg/m3
1.10E-03 (µg/m3)-1

4.14E-12 2.63E-10 mg/m3
NA NA NA

Benzo(b)fluoranthene 2.82E+00 mg/kg 4.67E-09 µg/m3
1.10E-04 (µg/m3)-1

5.14E-13 3.27E-10 mg/m3
NA NA NA

Benzo(k)fluoranthene 1.37E+00 mg/kg 2.28E-09 µg/m3
1.10E-04 (µg/m3)-1

2.50E-13 1.59E-10 mg/m3
NA NA NA

Bis(2-Ethylhexyl)Phthalate 1.02E+01 mg/kg 1.69E-08 µg/m3
2.40E-06 (µg/m3)-1

4.04E-14 1.18E-09 mg/m3
NA NA NA

Indeno(1,2,3-cd)pyrene 6.98E-01 mg/kg 1.16E-09 µg/m3
1.10E-04 (µg/m3)-1

1.27E-13 8.10E-11 mg/m3
NA NA NA

Naphthalene 1.72E+01 mg/kg 4.62E-06 µg/m3
3.40E-05 (µg/m3)-1

1.57E-10 3.23E-07 mg/m3
3.00E-03 mg/m3

1.08E-04

Pesticides/Polychlorinated Biphenyls

4,4'-DDT 1.79E+00 mg/kg 2.97E-09 µg/m3
9.70E-05 (µg/m3)-1

2.88E-13 2.08E-10 mg/m3
NA NA NA

Aroclor 1260 2.45E+01 mg/kg 2.37E-07 µg/m3
5.70E-04 (µg/m3)-1

1.35E-10 1.66E-08 mg/m3
NA NA NA

Dieldrin 2.60E-01 mg/kg 4.31E-10 µg/m3
4.60E-03 (µg/m3)-1

1.98E-12 3.02E-11 mg/m3
NA NA NA

Inorganics

Aluminum 9.62E+03 mg/kg 1.59E-05 µg/m3
NA NA NA 1.12E-06 mg/m3

5.00E-03 mg/m3
2.23E-04

Arsenic 1.07E+01 mg/kg 1.78E-08 µg/m3
4.30E-03 (µg/m3)-1

7.65E-11 1.24E-09 mg/m3
1.50E-05 mg/m3

8.30E-05

Chromium 1.78E+01 mg/kg 2.94E-08 µg/m3
8.40E-04 (µg/m3)-1

2.47E-11 2.06E-09 mg/m3
1.00E-04 mg/m3

2.06E-05

Cobalt 5.30E+00 mg/kg 8.79E-09 µg/m3
9.00E-03 (µg/m3)-1

7.91E-11 6.15E-10 mg/m3
6.00E-06 mg/m3

1.03E-04

Iron 1.51E+04 mg/kg 2.50E-05 µg/m3
NA NA NA 1.75E-06 mg/m3

NA NA NA

Lead 1.06E+02 mg/kg 1.76E-07 µg/m3
NA NA NA 1.23E-08 mg/m3

NA NA NA

Manganese 2.62E+02 mg/kg 4.34E-07 µg/m3
NA NA NA 3.04E-08 mg/m3

5.00E-05 mg/m3
6.08E-04

Mercury 2.71E+01 mg/kg 4.49E-08 µg/m3
NA NA NA 3.14E-09 mg/m3

3.00E-04 mg/m3
1.05E-05

Selenium 2.73E+02 mg/kg 4.52E-07 µg/m3
NA NA NA 3.17E-08 mg/m3

2.00E-02 mg/m3
1.58E-06

Vanadium 2.69E+01 mg/kg 4.46E-08 µg/m3
8.30E-03 (µg/m3)-1

3.70E-10 3.12E-09 mg/m3
1.00E-04 mg/m3

3.12E-05

Exp. Route Total 8.52E-10 1.27E-03

Exposure Point Total 2.14E-06 2.21E+00

NA = not applicable RfD = reference dose mg/kg = milligram per kilogram µg/m3 = microgram per cubic meter

FWACC = Former Wolff-Alport Chemical Company RfC= reference concentration mg/kg-day = milligram per kilogram per day mg/m3 = milligram per cubic meter
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TABLE B-8.1
CALCULATION OF RADIATION CARCINOGENIC RISKS

REASONABLE MAXIMUM EXPOSURE
Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, County, New York

Scenario Timeframe: Future
Receptor Population: Resident
Receptor Age: Adult

Medium Exposure Medium Exposure Point Exposure Route
Radionuclide of 

Potential Concern
Risk Calculation 

Approach
Carcinogenic Risk Calculation, For Initially Existent 

Radionuclides at Year 10 (Maximum Risk)

Intake/Activity Cancer Slope Factor

Value Unit Value Unit Value Unit

Soil Soil Surface/ External Potassium-40 1.3E+01 pCi/g RESRAD NA NA 7.99E-07 1/yr per (pCI/g) 6.945E-05
subsurface soil Lead-210+D 6.3E+00 pCi/g RESRAD NA NA 4.30E-09 1/yr per (pCI/g) 1.118E-07

0-10 ft bgs Radium-226+D 6.3E+00 pCi/g RESRAD NA NA 8.37E-06 1/yr per (pCI/g) 4.159E-04
Radium-228+D 5.3E+01 pCi/g RESRAD NA NA 4.04E-06 1/yr per (pCI/g) 5.692E-04
Thorium-228+D 1.9E+01 pCi/g RESRAD NA NA 7.33E-06 1/yr per (pCI/g) 3.229E-06
Thorium-230 3.3E+00 pCi/g RESRAD NA NA 8.45E-10 1/yr per (pCI/g) 2.210E-06
Thorium-232 5.3E+01 pCi/g RESRAD NA NA 3.58E-10 1/yr per (pCI/g) 4.263E-03
Uranium-234 5.2E-01 pCi/g RESRAD NA NA 2.53E-10 1/yr per (pCI/g) 1.158E-09
Uranium-235+D 6.8E-02 pCi/g RESRAD NA NA 5.76E-07 1/yr per (pCI/g) 3.235E-07
Uranium-236 6.8E-02 pCi/g RESRAD NA NA 1.24E-10 1/yr per (pCI/g) 7.386E-11
Uranium-238 4.4E-01 pCi/g RESRAD NA NA 1.24E-10 1/yr per (pCI/g) 4.145E-07

Exp. Route Total 5.324E-03

Soil Soil Surface Soil Soil Ingestion Potassium-40 1.3E+01 pCi/g RESRAD 5.173E+02 pCi/yr 3.42E-11 1/pCI/g 4.157E-07
Lead-210+D 6.3E+00 pCi/g RESRAD 2.724E+02 pCi/yr 3.44E-09 1/pCI/g 1.216E-05
Radium-226+D 6.3E+00 pCi/g RESRAD 2.715E+02 pCi/yr 5.15E-10 1/pCI/g 1.556E-05
Radium-228+D 5.3E+01 pCi/g RESRAD 2.297E+03 pCi/yr 1.43E-09 1/pCI/g 1.107E-05
Thorium-228+D 1.9E+01 pCi/g RESRAD 2.260E+03 pCi/yr 4.23E-10 1/pCI/g 2.604E-08
Thorium-230 3.3E+00 pCi/g RESRAD 1.429E+02 pCi/yr 1.19E-10 1/pCI/g 4.998E-07
Thorium-232 5.3E+01 pCi/g RESRAD 2.306E+03 pCi/yr 1.33E-10 1/pCI/g 1.072E-04
Uranium-234 5.2E-01 pCi/g RESRAD 2.233E+01 pCi/yr 9.55E-11 1/pCI/g 5.478E-08
Uranium-235+D 6.8E-02 pCi/g RESRAD 3.005E+00 pCi/yr 9.76E-11 1/pCI/g 7.552E-09
Uranium-236 6.8E-02 pCi/g RESRAD 3.005E+00 pCi/yr 8.99E-11 1/pCI/g 6.944E-09
Uranium-238 4.4E-01 pCi/g RESRAD 1.889E+01 pCi/yr 8.66E-11 1/pCI/g 5.851E-08

Exp. Route Total 1.471E-04

Soil Air Air Inhalation Potassium-40 1.3E+01 pCi/g RESRAD 2.1200E-01 pCi/yr 2.220E-10 1/pCI/g 1.106E-09
Excludes Lead-210+D 6.3E+00 pCi/g RESRAD 1.1160E-01 pCi/yr 3.080E-08 1/pCI/g 4.464E-08

Radon and Radium-226+D 6.3E+00 pCi/g RESRAD 1.1120E-01 pCi/yr 2.820E-08 1/pCI/g 1.243E-07
Thoron Radium-228+D 5.3E+01 pCi/g RESRAD 9.4140E-01 pCi/yr 4.370E-08 1/pCI/g 5.640E-07

Thorium-228+D 1.9E+01 pCi/g RESRAD 9.2610E-01 pCi/yr 1.440E-07 1/pCI/g 3.645E-09
Thorium-230 3.3E+00 pCi/g RESRAD 5.8570E-02 pCi/yr 3.410E-08 1/pCI/g 5.244E-08
Thorium-232 5.3E+01 pCi/g RESRAD 9.4490E-01 pCi/yr 4.330E-08 1/pCI/g 5.091E-06
Uranium-234 5.2E-01 pCi/g RESRAD 9.1490E-03 pCi/yr 2.780E-08 1/pCI/g 6.543E-09
Uranium-235+D 6.8E-02 pCi/g RESRAD 1.2320E-03 pCi/yr 2.500E-08 1/pCI/g 7.939E-10
Uranium-236 6.8E-02 pCi/g RESRAD 1.2320E-03 pCi/yr 2.570E-08 1/pCI/g 8.129E-10
Uranium-238 4.4E-01 pCi/g RESRAD 7.7420E-03 pCi/yr 2.360E-08 1/pCI/g 4.710E-09

Exp. Route Total 5.894E-06

Exposure Point 
Concentration

Carcinogenic Risk 
Calculation, For Initially 

Existent Radionuclides at 
Year 10 (Maximum Risk)
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TABLE B-8.1
CALCULATION OF RADIATION CARCINOGENIC RISKS

REASONABLE MAXIMUM EXPOSURE
Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, County, New York

Scenario Timeframe: Future
Receptor Population: Resident
Receptor Age: Adult

Medium Exposure Medium Exposure Point Exposure Route
Radionuclide of 

Potential Concern
Risk Calculation 

Approach
Carcinogenic Risk Calculation, For Initially Existent 

Radionuclides at Year 10 (Maximum Risk)

Intake/Activity Cancer Slope Factor

Value Unit Value Unit Value Unit

Exposure Point 
Concentration

Carcinogenic Risk 
Calculation, For Initially 

Existent Radionuclides at 
Year 10 (Maximum Risk)

Soil Food Ingestion Potassium-40 RESRAD 4.301E+05 pCi/yr 3.42E-11 1/pCI/g 3.456E-04

Lead-210+D RESRAD 7.572E+03 pCi/yr 3.44E-09 1/pCI/g 3.371E-04

Radium-226+D RESRAD 3.009E+04 pCi/yr 5.15E-10 1/pCI/g 7.305E-04

Radium-228+D RESRAD 2.536E+05 pCi/yr 1.43E-09 1/pCI/g 8.695E-04

Thorium-228+D RESRAD 9.205E+03 pCi/yr 4.23E-10 1/pCI/g 7.221E-08

Thorium-230 RESRAD 3.963E+02 pCi/yr 1.19E-10 1/pCI/g 4.384E-06

Thorium-232 RESRAD 6.393E+03 pCi/yr 1.33E-10 1/pCI/g 8.653E-03

Uranium-234 RESRAD 1.547E+02 pCi/yr 9.55E-11 1/pCI/g 3.796E-07

Uranium-235+D RESRAD 2.082E+01 pCi/yr 9.76E-11 1/pCI/g 5.250E-08

Uranium-236 RESRAD 2.082E+01 pCi/yr 8.99E-11 1/pCI/g 4.821E-08

Uranium-238 RESRAD 1.309E+02 pCi/yr 8.66E-11 1/pCI/g 4.054E-07

 Exp. Route Total 1.094E-02

Groundwater Groundwater Tap Water Water Ingestion Potassium-40 RESRAD 0.0E+00 pCi/yr 2.47E-11 1/pCI/g 0.0E+00
Lead-210+D RESRAD 0.0E+00 pCi/yr 2.67E-09 1/pCI/g 0.0E+00
Radium-226+D RESRAD 0.0E+00 pCi/yr 3.85E-10 1/pCI/g 0.0E+00
Radium-228+D RESRAD 0.0E+00 pCi/yr 1.04E-09 1/pCI/g 0.0E+00
Thorium-228+D RESRAD 0.0E+00 pCi/yr 3.00E-10 1/pCI/g 0.0E+00
Thorium-230 RESRAD 0.0E+00 pCi/yr 9.14E-11 1/pCI/g 0.0E+00
Thorium-232 RESRAD 0.0E+00 pCi/yr 1.01E-10 1/pCI/g 0.0E+00
Uranium-234 RESRAD 0.0E+00 pCi/yr 7.07E-11 1/pCI/g 0.0E+00
Uranium-235+D RESRAD 0.0E+00 pCi/yr 7.17E-11 1/pCI/g 0.0E+00
Uranium-236 RESRAD 0.0E+00 pCi/yr 6.66E-11 1/pCI/g 0.0E+00
Uranium-238 RESRAD 0.0E+00 pCi/yr 6.40E-11 1/pCI/g 0.0E+00

Exp. Route Total 0.0E+00

Homegrown 
Produce

Homegrown 
Produce

Plant Uptake 
Estimated from Soil 

and Irrigation 
Water 

Concentrations

Water 
Concentrations 
Estimated from 

Migration from Soil  
(Radionuclide does 

not reach 
groundwater at 

Year 10)
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TABLE B-8.1
CALCULATION OF RADIATION CARCINOGENIC RISKS

REASONABLE MAXIMUM EXPOSURE
Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, County, New York

Scenario Timeframe: Future
Receptor Population: Resident
Receptor Age: Adult

Medium Exposure Medium Exposure Point Exposure Route
Radionuclide of 

Potential Concern
Risk Calculation 

Approach
Carcinogenic Risk Calculation, For Initially Existent 

Radionuclides at Year 10 (Maximum Risk)

Intake/Activity Cancer Slope Factor

Value Unit Value Unit Value Unit

Exposure Point 
Concentration

Carcinogenic Risk 
Calculation, For Initially 

Existent Radionuclides at 
Year 10 (Maximum Risk)

Soil Air Air Radon Potassium-40 RESRAD 0.000E+00
Lead-210+D RESRAD 0.000E+00
Radium-226+D RESRAD 7.481E-03
Radium-228+D RESRAD 1.254E-05
Thorium-228+D RESRAD  see Below see Below 9.788E-08
Thorium-230 RESRAD 3.955E-05
Thorium-232 RESRAD 8.205E-05
Uranium-234 RESRAD 7.223E-10
Uranium-235+D RESRAD 0.000E+00
Uranium-236 RESRAD 7.991E-17
Uranium-238 RESRAD 1.573E-14

Exp. Route Total 7.615E-03

Radon Sf-Rn ³ Radon Inhalation slope factors, 1/(pCi):
Sf-Rn ³ Rn-222 RESRAD 1.80E-12 1/pCI/g
Sf-Rn ³ Po-218 RESRAD 3.70E-12 1/pCI/g
Sf-Rn ³ Pb-214 RESRAD 6.20E-12 1/pCI/g
Sf-Rn ³ Bi-214 RESRAD 1.50E-11 1/pCI/g
Sf-Rn ³ Rn-220 RESRAD 1.90E-13 1/pCI/g
Sf-Rn ³ Po-216 RESRAD 3.00E-15 1/pCI/g
Sf-Rn ³ Pb-212 RESRAD 3.90E-11 1/pCI/g
Sf-Rn ³ Bi-212 RESRAD 3.70E-11 1/pCI/g
Sf-Rn ³ Radon K factors, (mrem/WLM): RESRAD 1/pCI/g
Sf-Rn ³ Rn-222 Indoor RESRAD 3.88E+02 1/pCI/g
Sf-Rn ³ Rn-222 Outdoor RESRAD 3.88E+02 1/pCI/g
Sf-Rn ³ Rn-220 Indoor RESRAD 1.88E+02 1/pCI/g

Sf-Rn ³ Rn-220 Outdoor RESRAD 1.88E+02 1/pCI/g

 Receptor Total All Exposure Pathways at Year 10 2.403E-02

Note:
Slope factors and Intakes vary over time and additional fate and transport factors are included in the risk estimate, so that the intake times the slope factor does not equal the risk 
NA= Not Available

Air Concentrations 
Estimated from Soil 

Concentration
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Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Lifetime

Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Contact Routes Total Target Organ(s) Contact Routes Total

Soil Surface Soil Surface Soil Semi-volatile Organic Compounds  
Benzo(a)anthracene 4E-05 1E-05 1E-09 5E-05 NA NA NA NA NA
Benzo(a)pyrene 3E-04 1E-04 9E-09 4E-04 NA NA NA NA NA
Benzo(b)fluoranthene 4E-05 1E-05 1E-09 5E-05 NA NA NA NA NA
Benzo(k)fluoranthene 2E-06 7E-07 6E-10 3E-06 NA NA NA NA NA
Indeno(1,2,3-cd)pyrene 5E-06 2E-06 1E-10 6E-06 NA NA NA NA NA
Pesticides/Polychlorinated Biphenyls
4,4'-DDT 2E-06 2E-07 2E-10 3E-06 Liver 1E-01 1E-02 NA 1E-01
Aroclor 1260 2E-04 7E-05 9E-08 2E-04 Eye / Finger Nail / Immune System 4E+01 1E+01 NA 5E+01
Dieldrin 1E-05 NA 1E-09 1E-05 Liver 2E-01 NA NA 2E-01
Inorganics  
Aluminum NA NA NA NA Neurological 1E-01 NA 1E-02 1E-01

Arsenic 3E-05 3E-06 3E-08 3E-05
Developmental / Cardiovascular System / 

CNS  / Lung / Skin
6E-01 5E-02 7E-03 6E-01

Chromium 6E-05 NA 2E-08 6E-05 Lung 7E-02 NA 1E-03 7E-02
Cobalt NA NA 2E-08 2E-08 Thyroid /Respiratory System/Lung 2E-01 NA 7E-03 2E-01
Iron NA NA NA NA GI Tract 3E-01 NA NA 3E-01
Lead NA NA NA NA Developmental NA NA NA NA
Manganese NA NA NA NA CNS 2E-02 NA 4E-02 6E-02
Mercury NA NA NA NA Immune System / Nervous System NA NA 2E-03 2E-03
Selenium NA NA NA NA  Nervous System / Blood /Skin 2E+00 NA 2E-04 2E+00
Vanadium NA NA 1E-07 1E-07 Kidney / Respiratory System 7E-02 NA 2E-03 7E-02
Chemical Total 6E-04 2E-04 3E-07 9E-04 Chemical Total 4E+01 1E+01 7E-02 5E+01

9E-04 5E+01

9E-04 5E+01

9E-04 55

Groundwater Groundwater Tap Water Volatile Organic Compounds  
Chloroform 1E-06 4E-07 1E-05 2E-05 Liver 1E-02 9E-04 1E-02 2.6E-02
cis-1,2-Dichloroethene NA NA NA NA Kidney 6E-01 5E-02 NA 6.3E-01
Tetrachloroethene 1E-05 3E-05 3E-05 7E-05 Liver 5E+00 2E+00 5E+00 1.1E+01
Trichloroethene 5E-06 8E-07 6E-06 1E-05 Heart / Immune System  / Developmental / 

Kidney / Heart / Immunological
5E-01 6E-02 1E+00 1.6E+00

Inorganics  

Arsenic 5E-05 6E-10 NA 5E-05
Developmental / Cardiovascular System / 

CNS  / Lung / Skin
4E-01 1E-06 NA 4.2E-01

Chromium 2E-04 5E-10 NA 2E-04 Lung 2E-01 2E-05 NA 1.6E-01
Cobalt NA NA NA NA Thyroid /Respiratory System/Lung 4E-01 5E-07 NA 4.5E-01
Iron NA NA NA NA GI Tract 9E-02 2E-07 NA 8.8E-02
Mercury NA NA NA NA Immune System / Nervous System NA NA NA NA
Selenium NA NA NA NA  Nervous System / Blood /Skin 2E-01 6E-07 NA 2.3E-01
Chemical Total 3E-04 3E-05 5E-05 3E-04 Chemical Total 7E+00 2E+00 6E+00 1E+01

3E-04 1E+01

3E-04 1E+01

3E-04 15

Exposure Point Total

Exposure Medium Total

Medium Total

Noncancer Hazard Quotient

Exposure Point Total

Exposure Medium Total

Medium Total

Medium
Exposure 
Medium

Exposure 
Point

Chemical of Potential Concern

Cancer Risk

TABLE B-9.1

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York
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Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Lifetime

Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Contact Routes Total Target Organ(s) Contact Routes Total

Noncancer Hazard Quotient

Medium
Exposure 
Medium

Exposure 
Point

Chemical of Potential Concern

Cancer Risk

TABLE B-9.1

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Receptor Total  1E-03  69

Total Excess Cancer Risk Across All Media 1E-03 Total Hazard Index  Across All Media 69

Total Hazard Index By Target Organ 

Blood HI Across All Media = 2

Cardiovascular System HI Across All Media = 1

NA = not applicable CNS = central nervous system CNS HI Across All Media = 1

FWACC = Former Wolff-Alport Chemical Company GI = gastrointestinal Development HI Across All Media = 3

Eye HI Across All Media = 51

Finger Nail HI Across All Media = 51

GI Tract HI Across All Media = 0.4

Immune system HI Across All Media = 53

Kidney HI Across All Media = 2

Liver HI Across All Media = 11

Lung HI Across All Media = 2

Nervous System HI Across All Media = 2

Neurological HI Across All Media = 0.1

Respiratory HI Across All Media = 1

Skin HI Across All Media = 3

Thyroid HI Across All Media = 0.7
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Scenario Timeframe:  Future

Receptor Population:  Industrial Worker

Receptor Age:  Adult

Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Contact Routes Total Target Organ(s) Contact Routes Total

Surface Soil Surface  Soil Site Soil Semi-volatile Organic Compounds  
Benzo(a)anthracene 2E-06 2E-06 3E-10 4E-06 NA NA NA NA NA
Benzo(a)pyrene 1E-05 2E-05 8E-10 3E-05 NA NA NA NA NA
Benzo(b)fluoranthene 2E-06 2E-06 1E-10 4E-06 NA NA NA NA NA
Benzo(k)fluoranthene 9E-08 1E-07 5E-11 2E-07 NA NA NA NA NA
Indeno(1,2,3-cd)pyrene 2E-07 3E-07 1E-11 5E-07 NA NA NA NA NA
Pesticides/Polychlorinated Biphenyls
4,4'-DDT 5E-07 2E-07 5E-11 7E-07 Liver 8E-03 3E-03 NA 1E-02
Aroclor 1260 4E-05 5E-05 2E-08 9E-05 Eye / Finger Nail / Immune System 2E+00 4E+00 NA 6E+00
Dieldrin 3E-06 NA 3E-10 3E-06 Liver 1E-02 NA NA 1E-02
Inorganics  
Aluminum NA NA NA NA Neurological 7E-03 NA 6E-04 8E-03

Arsenic 6E-06 2E-06 6E-09 8E-06
Developmental / Cardiovascular System / 

CNS  / Lung / Skin
4E-02 1E-02 3E-04 5E-02

Chromium 3E-06 NA 2E-09 3E-06 Lung 5E-03 NA 5E-05 5E-03
Cobalt NA NA 6E-09 6E-09 Thyroid /Respiratory System/Lung 2E-02 NA 3E-04 2E-02
Iron NA NA NA NA GI Tract 2E-02 NA NA 2E-02
Lead NA NA NA NA NA NA NA NA NA
Manganese NA NA NA NA CNS 2E-03 NA 2E-03 3E-03
Mercury NA NA NA NA Immune System / Nervous System NA NA 7E-05 7E-05
Selenium NA NA NA NA 1E-01 NA 1E-05 1E-01
Vanadium NA NA 3E-08 3E-08 Kidney / Respiratory System 5E-03 NA 9E-05 5E-03
Chemical Total 7E-05 8E-05 6E-08 1E-04 Chemical Total 3E+00 4E+00 3E-03 6E+00

1E-04 6E+00

1E-04 6E+00

1E-04 6E+00

Receptor Total  1E-04  6E+00

Total Excess Cancer Risk Across All Media 1E-04 Total Hazard Index  Across All Media 6

Total Hazard Index By Target Organ 

Liver HI Across All Media = 0.02

Kidney HI Across All Media = <0.01

CNS HI Across All Media = 0.1

Development HI Across All Media = 0.05

Respiratory HI Across All Media = 0.02

Lung HI Across All Media = 0.07

Cardiovascular System HI Across All Media = 0.05

Skin HI Across All Media = 0.05

Immune system HI Across All Media = 6

Thyroid HI Across All Media = 0.02

NA = not applicable CNS = central nervous system GI Tract HI Across All Media = 0.02

FWACC = Former Wolff-Alport Chemical Company GI = gastrointestinal Neurological HI Across All Media = <0.01

Nervous System HI Across All Media = <0.01

Noncancer Hazard Quotient

Exposure Point Total

Exposure Medium Total

Medium Total

TABLE B-9.2

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Chemical of Potential Concern

Cancer Risk

Page 1 of 1



Scenario Timeframe:  Future

Receptor Population:  Commercial Indoor Worker

Receptor Age:  Adult

Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Contact Routes Total Target Organ(s) Contact Routes Total

Groundwater Groundwater Tap Water Volatile Organic Compounds  
Chloroform 7E-07 3E-17 1E-05 1E-05 Liver 6E-03 3E-13 1E-05 6E-03
cis-1,2-Dichloroethene NA NA NA NA Kidney 2E-01 2E-11 NA 2E-01
Tetrachloroethene 9E-06 3E-15 3E-05 4E-05 Liver 2E+00 6E-10 4E-05 2E+00
Trichloroethene 2E-06 2E-16 5E-06 6E-06 Heart / Immune System  / Developmental / 

Kidney / Heart / Immunological
2E-01 2E-11 7E-04 2E-01

Inorganics  

Arsenic 3E-05 5E-20 NA 3E-05
Developmental / Cardiovascular System / 

CNS  / Lung / Skin
2E-01 3E-16 NA 2E-01

Chromium 4E-05 7E-20 NA 4E-05 Lung 7E-02 5E-15 NA 7E-02
Cobalt NA NA NA NA Thyroid /Respiratory System/Lung 2E-01 1E-16 NA 2E-01
Iron NA NA NA NA GI Tract 4E-02 7E-17 NA 4E-02
Mercury NA NA NA NA Immune System / Nervous System NA NA NA NA
Selenium NA NA NA NA  Nervous System / Blood /Skin 1E-01 2E-16 NA 1E-01
Chemical Total 8E-05 3E-15 5E-05 1E-04 Chemical Total 3E+00 6E-10 8E-04 3E+00

1E-04 3E+00

1E-04 3E+00

1E-04 3E+00

Receptor Total  1E-04  3E+00

Total Excess Cancer Risk Across All Media 1E-04 Total Hazard Index  Across All Media 3

Total Hazard Index By Target Organ 

Blood HI Across All Media = 0.1

Cardiovascular System HI Across All Media = 0.2

NA = not applicable CNS = central nervous system CNS HI Across All Media = 0.2

FWACC = Former Wolff-Alport Chemical Company GI = gastrointestinal Development HI Across All Media = 0.4

GI Tract HI Across All Media = 0.04

Heart HI Across All Media = 0.2

Immune system HI Across All Media = 0.2

Kidney HI Across All Media = 0.5

Liver HI Across All Media = 2

Lung HI Across All Media = 0.4

Nervous System HI Across All Media = 0.1

Respiratory HI Across All Media = 0.2

Skin HI Across All Media = 0.3

Thyroid HI Across All Media = 0.2

Medium Total

Noncancer Hazard Quotient

Exposure Point Total

Exposure Medium Total

TABLE B-9.3

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Chemical of Potential Concern

Cancer Risk

Page 1 of 1



Scenario Timeframe:  Future

Receptor Population:  Construction/Uitility Worker

Receptor Age:  Adult

Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Contact Routes Total Target Organ(s) Contact Routes Total

Soil Soil Surface/ Semi-volatile Organic Compounds  
Subsurface 1,1'-Biphenyl 5E-10 NA NA 5E-10 Kidney 1E-05 NA 8E-05 9E-05

Soil 2-Methylnaphthalene NA NA NA NA Respiratory 1E-02 6E-03 NA 2E-02
Benzo(a)anthracene 3E-08 1E-08 2E-12 5E-08 NA NA NA NA NA
Benzo(a)pyrene 3E-07 1E-07 4E-12 4E-07 NA NA NA NA NA
Benzo(b)fluoranthene 3E-08 1E-08 5E-13 5E-08 NA NA NA NA NA
Benzo(k)fluoranthene 2E-09 7E-10 3E-13 2E-09 NA NA NA NA NA
Bis(2-Ethylhexyl)Phthalate 2E-09 7E-10 4E-14 3E-09 Liver 6E-04 2E-04 NA 8E-04
Indeno(1,2,3-cd)pyrene 8E-09 3E-09 1E-13 1E-08 NA NA NA NA NA
Naphthalene NA NA 2E-10 2E-10 Body weight 1E-03 4E-04 1E-04 1E-03
Pesticides/Polychlorinated Biphenyls  
4,4'-DDT 1E-08 9E-10 3E-13 1E-08 Liver 4E-03 4E-04 NA 4E-03
Aroclor 1260 8E-07 3E-07 1E-10 1E-06 Eye / Finger Nail / Immune System 1E+00 6E-01 NA 2E+00
Dieldrin 7E-08 NA 2E-12 7E-08 Liver 6E-03 NA NA 6E-03
Inorganics  
Aluminum NA NA NA NA Neurological 1E-02 NA 2E-04 1E-02

Arsenic 3E-07 2E-08 8E-11 3E-07
Developmental / Cardiovascular System / 

CNS / Lung / Skin
4E-02 4E-03 8E-05 4E-02

Chromium 1E-07 NA 2E-11 1E-07 Respiratory 7E-03 NA 2E-05 7E-03
Cobalt NA NA 8E-11 8E-11 Thyroid / Respiratory System/Lung 2E-02 NA 1E-04 2E-02
Iron NA NA NA NA GI Tract 2E-02 NA NA 2E-02
Lead NA NA NA NA NA NA NA NA NA
Manganese NA NA NA NA CNS 2E-03 NA 6E-04 3E-03
Mercury NA NA NA NA Immune System / Nervous System NA NA 1E-05 1E-05
Selenium NA NA NA NA  Nervous System / Blood /Skin 6E-02 NA 2E-06 6E-02
Vanadium NA NA 4E-10 4E-10 Kidney / Lung 6E-03 NA 3E-05 6E-03
Chemical Total 2E-06 5E-07 9E-10 2E-06 Chemical Total 2E+00 6E-01 1E-03 2E+00

2E-06 2E+00

2E-06 2E+00

2E-06 2E+00

Receptor Total  2E-06  2E+00

Total Excess Cancer Risk Across All Media 2E-06 Total Hazard Index  Across All Media 2

Total Hazard Index By Target Organ 

Blood HI Across All Media = 0.06

Liver HI Across All Media = 0.01

Kidney HI Across All Media = <0.01

CNS HI Across All Media = 0.05

Development HI Across All Media = 0.04

Body weight HI Across All Media = <0.01

Respiratory HI Across All Media = 0.05

Lung HI Across All Media = 0.07

Eye HI Across All Media = 2

Cardiovascular System HI Across All Media = 0.04

Skin HI Across All Media = 0.1

Immune system HI Across All Media = 2

Thyroid HI Across All Media = 0.02

GI Tract HI Across All Media = 0.02

Finger Nail HI Across All Media = 2

NA = not applicable CNS = central nervous system Neurological HI Across All Media = 0.01

FWACC = Former Wolff-Alport Chemical Company GI = gastrointestinal Nervous System HI Across All Media = 0.06

Exposure Point Total

Exposure Medium Total

Medium Total

Noncancer Hazard Quotient

Medium
Exposure 
Medium

Exposure 
Point

Chemical of Potential Concern

Cancer Risk

TABLE B-9.4

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Page 1 of 1



Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Lifetime

Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Contact Routes Total Target Organ(s) Contact Routes Total

Soil Surface Soil Surface Soil Semi-volatile Organic Compounds  
  Benzo(a)anthracene 4E-05 1E-05 1E-09 5E-05 NA NA NA NA NA
  Benzo(a)pyrene 3E-04 1E-04 9E-09 4E-04 NA NA NA NA NA

Benzo(b)fluoranthene 4E-05 1E-05 1E-09 5E-05 NA NA NA NA NA
Benzo(k)fluoranthene 2E-06 7E-07 6E-10 3E-06 NA NA NA NA NA
Indeno(1,2,3-cd)pyrene 5E-06 2E-06 1E-10 6E-06 NA NA NA NA NA
Pesticides/Polychlorinated Biphenyls
4,4'-DDT 2E-06 2E-07 2E-10 3E-06 Liver 1E-01 1E-02 NA 1E-01
Aroclor 1260 2E-04 7E-05 9E-08 2E-04 Eye / Finger Nail / Immune System 4E+01 1E+01 NA 5E+01
Dieldrin 1E-05 NA 1E-09 1E-05 Liver 2E-01 NA NA 2E-01
Inorganics  

Arsenic 3E-05 3E-06 3E-08 3E-05
Developmental / Cardiovascular System / 

CNS  / Lung / Skin
6E-01 5E-02 7E-03 6E-01

Chromium 6E-05 NA 2E-08 6E-05 Lung 7E-02 NA 1E-03 7E-02
Selenium NA NA NA NA  Nervous System / Blood /Skin 2E+00 NA 2E-04 2E+00
Chemical Total 6E-04 2E-04 3E-07 9E-04 Chemical Total 4E+01 1E+01 7E-02 5E+01

9E-04 5E+01

9E-04 5E+01

9E-04 55

Groundwater Groundwater Tap Water Volatile Organic Compounds  
   Chloroform 1E-06 4E-07 1E-05 2E-05 Liver 1E-02 9E-04 1E-02 3E-02

Tetrachloroethene 1E-05 3E-05 3E-05 7E-05 Liver 5E+00 2E+00 5E+00 1E+01
Trichloroethene 5E-06 8E-07 6E-06 1E-05 Heart / Immune System  / Developmental / 

Kidney / Heart / Immunological
5E-01 6E-02 1E+00 2E+00

Inorganics  

Arsenic 5E-05 6E-10 NA 5E-05
Developmental / Cardiovascular System / 

CNS  / Lung / Skin
4E-01 1E-06 NA 4E-01

Chromium 2E-04 5E-10 NA 2E-04 Lung 2E-01 2E-05 NA 2E-01
Chemical Total 3E-04 3E-05 5E-05 3E-04 Chemical Total 7E+00 2E+00 6E+00 1E+01

3E-04 1E+01

3E-04 1E+01

3E-04 15

Receptor Total  1E-03  69

Total Excess Cancer Risk Across All Media 1E-03 Total Hazard Index  Across All Media 69

Total Hazard Index By Target Organ 

Blood HI Across All Media = 2

Cardiovascular System HI Across All Media = 1

CNS HI Across All Media = 1

Development HI Across All Media = 3

Eye HI Across All Media = 51

Finger Nail HI Across All Media = 51

Immune system HI Across All Media = 53

Kidney HI Across All Media = 2

Liver HI Across All Media = 11

Notes: Lung HI Across All Media = 2

Only chemicals above EPA's threshold values are listed in this table CNS = central nervous system Nervous System HI Across All Media = 2

NA = not applicable GI = gastrointestinal Skin HI Across All Media = 3

TABLE B-10.1

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Medium Total

Noncancer Hazard Quotient

Exposure Point Total

Exposure Medium Total

Medium Total

Exposure Point Total

Exposure Medium Total

Medium
Exposure 
Medium

Exposure 
Point

Chemical of Potential Concern

Cancer Risk
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Scenario Timeframe:  Future

Receptor Population:  Industrial Worker

Receptor Age:  Adult

Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Contact Routes Total Target Organ(s) Contact Routes Total

Semi-volatile Organic Compounds  
Soil Surface Surface Benzo(a)anthracene 2E-06 2E-06 3E-10 4E-06 NA NA NA NA NA

Soil Soil Benzo(a)pyrene 1E-05 2E-05 8E-10 3E-05 NA NA NA NA NA
Benzo(b)fluoranthene 2E-06 2E-06 1E-10 4E-06 NA NA NA NA NA
Pesticides/Polychlorinated Biphenyls
Aroclor 1260 4E-05 5E-05 2E-08 9E-05 Eye / Finger Nail / Immune System 2E+00 4E+00 NA 6E+00
Dieldrin 3E-06 NA 3E-10 3E-06 Liver 1E-02 NA NA 1E-02
Inorganics  

Arsenic 6E-06 2E-06 6E-09 8E-06
Developmental / Cardiovascular System / 

CNS  / Lung / Skin
4E-02 1E-02 3E-04 5E-02

Chromium 3E-06 NA 2E-09 3E-06 Lung 5E-03 NA 5E-05 5E-03
Chemical Total 7E-05 8E-05 6E-08 1E-04 Chemical Total 3E+00 4E+00 3E-03 6E+00

1E-04 6E+00

1E-04 6E+00

1E-04 6E+00

Receptor Total  1E-04  6E+00

Total Excess Cancer Risk Across All Media 1E-04 Total Hazard Index  Across All Media 6

Total Hazard Index By Target Organ 

Eye HI Across All Media = 6

Note: Immune system HI Across All Media = 6

Only chemicals above EPA's threshold values are listed in this table NA = not applicable Finger Nail HI Across All Media = 6

Noncancer Hazard Quotient

Exposure Point Total

Exposure Medium Total

Medium Total

TABLE B-10.2

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Chemical of Potential Concern

Cancer Risk
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Scenario Timeframe:  Future

Receptor Population:  Commercial Indoor Worker

Receptor Age:  Adult

Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Contact Routes Total Target Organ(s) Contact Routes Total

Groundwater Groundwater Tap Water Volatile Organic Compounds  
Chloroform 7E-07 3E-17 1E-05 1E-05 Liver 6E-03 3E-13 1E-05 6E-03
Tetrachloroethene 9E-06 3E-15 3E-05 4E-05 Liver 2E+00 6E-10 4E-05 2E+00
Trichloroethene 2E-06 2E-16 5E-06 6E-06 Heart / Immune System  / Developmental / 

Kidney / Heart / Immunological
2E-01 2E-11 7E-04 2E-01

Inorganics  

Arsenic 3E-05 5E-20 NA 3E-05
Developmental / Cardiovascular System / 

CNS  / Lung / Skin
2E-01 3E-16 NA 2E-01

Chromium 4E-05 7E-20 NA 4E-05 Lung 7E-02 5E-15 NA 7E-02
Chemical Total 8E-05 3E-15 5E-05 1E-04 Chemical Total 3E+00 6E-10 8E-04 3E+00

1E-04 3E+00

1E-04 3E+00

1E-04 3E+00

Receptor Total  1E-04  3E+00

Total Excess Cancer Risk Across All Media 1E-04 Total Hazard Index  Across All Media 3

Note: Total Hazard Index By Target Organ 

Only chemicals above EPA's threshold values are listed in this table NA = not applicable Liver HI Across All Media = 2

Noncancer Hazard Quotient

Exposure Point Total

Exposure Medium Total

Medium Total

TABLE B-10.3

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Chemical of Potential Concern

Cancer Risk
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Scenario Timeframe:  Future

Receptor Population:  Construction/Uitility Worker

Receptor Age:  Adult

Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Contact Routes Total Target Organ(s) Contact Routes Total

Soil Soil Surface/ Pesticides/Polychlorinated Biphenyls  
  Subsurface Aroclor 1260 8E-07 3E-07 1E-10 1E-06 Eye / Finger Nail / Immune System 1E+00 6E-01 NA 2E+00
  Soil Chemical Total 2E-06 5E-07 9E-10 2E-06 Chemical Total 2E+00 6E-01 1E-03 2E+00

2E-06 2E+00

2E-06 2E+00

2E-06 2E+00

Receptor Total  2E-06  2E+00

Total Excess Cancer Risk Across All Media 2E-06 Total Hazard Index  Across All Media 2

Note: Total Hazard Index By Target Organ 

Eye HI Across All Media = 2

Only chemicals above EPA's threshold values are listed in this table NA = not applicable Immune system HI Across All Media = 2

Finger Nail HI Across All Media = 2

Noncancer Hazard Quotient

Exposure Point Total

Exposure Medium Total

Medium Total

TABLE B-10.4

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Chemical of Potential Concern

Cancer Risk
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Appendix C 
RAGS D Tables for CTE Scenario



Appendix C Contents

Former Wolff‐Alport Chemical Company Site

Ridgewood, Queens, County, New York

B-4 Values and Equations Used for Intake Calculations, Table 4 Series are included for review purposes
B-4.1 Soil, Chemical
B-4.3 Soil/Sediment Intake Equations
B-4.4 Groundwater
B-4.5 Groundwater Intake Equations
B-4.8 Chemical Specific Factors
B-4.9 Particulate Emission Factor

C-7 Calculation of Chemical Cancer Risks and Noncancer Hazards - Central Tendency 

C-7.1 Future Resident (Soil)
C-7.2 Future Resident (Groundwater)
C-7.3 Future Resident (Groundwater, Risks and Hazards for TCE)
C-7.4 Future Industrial Worker (Soil)

C-9 Summary of Receptor Risks and Hazards for Chemical of Potential Concerns - Central Tendency
C-9.1 Future Resident
C-9.2 Future Industrial Worker

C-10 Risk Assessment Summary - Central Tendency
C-10.1 Future Resident
C-10.2 Future Industrial Worker



 

Scenario Timeframe:  Future

Medium:   Soil

Exposure Medium: Soil

Value
Rationale/ 
Reference

Value
Rationale/ 
Reference

Ingestion Future Adult Surface Soil CS Chemical Concentration in Soil mg/kg Table B-3.1a Table B-3.1a Table B-3.1a Table B-3.1a

Industrial CF Conversion Factor kg/mg 1E-06 -- 1E-06 --

Worker IR-S Ingestion Rate of Soil mg/day 100 EPA 1991 50 (1)

(indoor/outdoor EF Exposure Frequency days/year 250 EPA 2014 219 EPA 2004

worker) ED Exposure Duration years 25 EPA 2014 9 EPA 2004

BW Body Weight kg 80 EPA 2014 80 EPA 2014

AT-C Averaging Time (Cancer) days 25,550 EPA 2014 25,550 EPA 2014

AT-N Averaging Time (Noncancer) days 9,125 EPA 1989 3,285 EPA 1989

Ingestion Future Adult Surface Soil/ CS Chemical Concentration in Soil mg/kg Table B-3.1b Table B-3.1b

Utility /  Subsurface Soil CF Conversion Factor kg/mg 1E-06 --

Construction IR-S Ingestion Rate of Soil mg/day 330 EPA 2002

Worker EF Exposure Frequency days/year 100 (4)

ED Exposure Duration years 1 (4)

BW Body Weight kg 80 EPA 2014

AT-C Averaging Time (Cancer) days 25,550 EPA 2014

AT-N Averaging Time (Noncancer) days 365 EPA 1989

Ingestion Future Resident Adult and Surface Soil CS Chemical Concentration in Soil mg/kg Tables B-3.1a's Tables B-3.1a's Tables B-3.1a's Tables B-3.1a's

Child CF Conversion Factor kg/mg 1E-06 -- 1E-06 --

(birth to <6 yrs) IR-Sa Ingestion Rate of Soil - adult mg/day 100 EPA 2014 50 EPA 2011

IR-Sc Ingestion Rate of Soil - child mg/day 200 EPA 2014 100 EPA 2011

EF Exposure Frequency days/year 350 EPA 2014 350 EPA 2002

EDa Exposure Duration - adult years 20 EPA 2014 9 EPA 2004

EDc Exposure Duration - child years 6 EPA 2014 6 EPA 2004

BWa Body Weight - adult kg 80 EPA 2014 80 EPA 2014

BWc Body Weight - child kg 15 EPA 2014 15 EPA 2014

AT-C Averaging Time (Cancer) days 25,550 EPA 2014 25,550 EPA 2014

AT-Na Averaging Time (Noncancer) - adult days 7,300 EPA 2014 3,285 EPA 2014

AT-Nc Averaging Time (Noncancer) - child days 2,190 EPA 1989 2,190 EPA 1989

Dermal Future Adult Surface Soil CS Chemical Concentration in Soil mg/kg Table B-3.1a Table B-3.1a Table B-3.1a Table B-3.1a

Contact Industrial  CF Conversion Factor kg/mg 1E-06 -- 1E-06 --

Worker SA Skin Surface Area Available for Contact cm2/day 3,470 EPA 2014 3,470 EPA 2014

(indoor/outdoor AF Adherence Factor mg/cm2 0.3 EPA 2004 0.3 EPA 2004

worker) ABS Absorption Factor unitless chemical specific Table B-4.8 chemical specific Table B-4.8

EF Exposure Frequency days/year 250 EPA 2014 219 EPA 2004

ED Exposure Duration years 25 EPA 2014 9 EPA 2004

BW Body Weight kg 80 EPA 2014 80 EPA 2014

AT-C Averaging Time (Cancer) days 25,550 EPA 2014 25,550 EPA 2014

AT-N Averaging Time (Noncancer) days 9,125 EPA 1989 3,285 EPA 1989

TABLE B-4.1

VALUES USED FOR DAILY INTAKE CALCULATIONS FOR SOIL EXPOSURE PATHWAYS TO CHEMICALS

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure 
Route

Receptor 
Population

Receptor Age Exposure Point
Parameter 

Code
Parameter Definition Unit

RME CTE

Not Evaluated
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Scenario Timeframe:  Future

Medium:   Soil

Exposure Medium: Soil

Value
Rationale/ 
Reference

Value
Rationale/ 
Reference

TABLE B-4.1

VALUES USED FOR DAILY INTAKE CALCULATIONS FOR SOIL EXPOSURE PATHWAYS TO CHEMICALS

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure 
Route

Receptor 
Population

Receptor Age Exposure Point
Parameter 

Code
Parameter Definition Unit

RME CTE

Dermal Future Adult Surface Soil/ CS Chemical Concentration in Soil mg/kg Table B-3.1b Table B-3.1b

Contact Utility /  Subsurface Soil CF Conversion Factor kg/mg 1E-06 --

Construction SA Skin Surface Area Available for Contact cm2/day 3,470 EPA 2014

Worker AF Adherence Factor mg/cm2 0.3 EPA 2004

ABS Absorption Factor unitless chemical specific Table B-4.8

EF Exposure Frequency days/year 100 (4)

ED Exposure Duration years 1 (4)

BW Body Weight kg 80 EPA 2014

AT-C Averaging Time (Cancer) days 25,550 EPA 2014

AT-N Averaging Time (Noncancer) days 365 EPA 1989

Dermal Future Resident Adult and Surface Soil CS Chemical Concentration in Soil mg/kg Tables B-3.1a's Tables B-3.1a's Tables B-3.1a's Tables B-3.1a's

Contact Child CF Conversion Factor kg/mg 1E-06 -- 1E-06 --

(birth to <6 yrs) SAa Skin Surface Area Available for Contact - adult cm2/day 6,032 EPA 2014 6,032 EPA 2014

SAc Skin Surface Area Available for Contact - child cm2/day 2,690 EPA 2014 2,690 EPA 2014

AFa Adherence Factor - adult mg/cm2 0.07 EPA 2014 0.01 EPA 2004

AFc Adherence Factor - child mg/cm2 0.2 EPA 2014 0.04 EPA 2004

ABS Absorption Factor unitless chemical specific Table B-4.8 chemical specific Table B-4.8

EF Exposure Frequency days/year 350 EPA 2014 350 EPA 2014

EDa Exposure Duration - adult years 20 EPA 2014 9 EPA 2004

EDc Exposure Duration - child years 6 EPA 2014 6 EPA 2004

BWa Body Weight - adult kg 80 EPA 2014 80 EPA 2014

BWc Body Weight - child kg 15 EPA 2014 15 EPA 2014

AT-C Averaging Time (Cancer) days 25,550 EPA 2014 25,550 EPA 2014

AT-Na Averaging Time (Noncancer) - adult days 7,300 EPA 2014 3,285 EPA 2014

AT-Nc Averaging Time (Noncancer) - child days 2,190 EPA 1989 2,190 EPA 1989

Inhalation Future Adult Surface Soil CS Chemical Concentration in Soil mg/kg Table B-3.1a Table B-3.1a Table B-3.1a Table B-3.1a

Industrial  CA Chemical Concentration in Air mg/m3 calculated calculated calculated calculated

Worker ET Exposure Time hrs/day 8.8 (2) 4.4 (3)

(indoor/outdoor EF Exposure Frequency days/year 250 EPA 2014 219 EPA 2004

worker) ED Exposure Duration years 25 EPA 2014 9 EPA 2004

VF Volatilization Factor m3/kg chemical specific Table B-4.8 chemical specific Table B-4.8

PEF Particulate Emission Factor m3/kg 7.87E+08 Table B-4.9 7.87E+08 Table B-4.9

AT-C Averaging Time (Cancer) hrs 613,200 EPA 2014 613,200 EPA 2014

AT-N Averaging Time (Noncancer) hrs 219,000 EPA 1989 78,840 EPA 1989

Not Evaluated
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Scenario Timeframe:  Future

Medium:   Soil

Exposure Medium: Soil

Value
Rationale/ 
Reference

Value
Rationale/ 
Reference

TABLE B-4.1

VALUES USED FOR DAILY INTAKE CALCULATIONS FOR SOIL EXPOSURE PATHWAYS TO CHEMICALS

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Exposure 
Route

Receptor 
Population

Receptor Age Exposure Point
Parameter 

Code
Parameter Definition Unit

RME CTE

Inhalation Future Adult Surface Soil CS Chemical Concentration in Soil mg/kg Table B-3.1b Table B-3.1b

Utility / CA Chemical Concentration in Air mg/m3 calculated calculated
Construction ET Exposure Time hrs/day 8 EPA 2009

Worker CF2 Conversion Factor 2 hrs/day 24 --
EF Exposure Frequency days/year 100 (4)

ED Exposure Duration years 1 (4)

VF Volatilization Factor m3/kg chemical specific Table B-4.8

PEF Particulate Emission Factor m3/kg 7.87E+08 Table B-4.9

AT-C Averaging Time (Cancer) hrs 613,200 EPA 2014

AT-N Averaging Time (Noncancer) hrs 8,760 EPA 1989

Inhalation Future Resident Adult and Surface Soil CS Chemical Concentration in Soil mg/kg Tables B-3.1a's Tables B-3.1a's Tables B-3.1a's Tables B-3.1a's

Child CA Chemical Concentration in Air mg/m3 calculated calculated calculated calculated

(birth to <6 yrs) ETa Exposure Time - adult hrs/day 24 EPA 2014 24 EPA 2014

ETc Exposure Time - child hrs/day 24 EPA 2014 24 EPA 2014

EF Exposure Frequency days/year 350 EPA 2014 350 EPA 2014

EDa Exposure Duration - adult years 20 EPA 2014 9 EPA 2004

EDc Exposure Duration - child years 6 EPA 2014 6 EPA 2004

VF Volatilization Factor m3/kg chemical specific Table B-4.8 chemical specific Table B-4.8

PEF Particulate Emission Factor m3/kg 7.87E+08 Table B-4.9 7.87E+08 Table B-4.9

AT-C Averaging Time (Cancer) hrs 613,200 EPA 2014 613,200 EPA 2014

AT-Na Averaging Time (Noncancer) - adult hrs 175,200 EPA 2014 78,840 EPA 2014

AT-Nc Averaging Time (Noncancer) - child hrs 52,560 EPA 1989 52,560 EPA 1989

RME =  Reasonable Maximum Exposure; CTE = Central Tendency Exposure

Notes:
(1) CTE ingestion rate is assumed to be one half the RME value
(2) based on 2,200 hours per year exposure and exposure frequency of 250 days per year
(3) assumes one-half RME exposure frequency or exposure time
(4) assumes 5 months (100 workdays) per year for one year
Sources:
  EPA 1989. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002.
  EPA 1991. Human Health Evaluation Manual, Supplemental Guidance; "Standard Default Exposure Factors". OSWER Directive 9285.6-03.
  EPA 2002. Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24.
  EPA 2004. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part E, Supplemental Guidance for Dermal Risk Assessment Final. EPA/540/R/99/005.
  EPA 2009. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part F, Supplemental Guidance for Inhalation Risk Assessment. EPA-540-R-070-002.
  EPA 2011. Exposure Factors Handbook: 2011 Edition. EPA/600/R-090/052F. September.
  EPA 2014. Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors. OSWER Directive 9200.1-120. February 6. 

Not Evaluated
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For Workers
Ingestion Pathway, Cancer Ingestion Pathway, Non-Cancer

CS x CF x IR-S x EF x ED CS x CF x IR-S x EF x ED
BW x AT-C BW x AT-N

Dermal Contact Pathway, Cancer Dermal Contact Pathway

Inhalation Pathway, Cancer Inhalation Pathway. Non-Cancer
EC = CA x ET x EF x ED / AT-C EC = CA x ET x EF x ED / AT-N

where CA = CS/VF where CA = CS/VF
and/or where CA = CS/PEF

Sources:
  EPA 1989. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002.
  EPA 2004. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part E, Supplemental Guidance for 
  Dermal Risk Assessment Final. EPA/540/R/99/005.
  EPA 2009. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part F, Supplemental Guidance for 
  Inhalation Risk Assessment. EPA-540-R-070-002.

DI Daily intake mg/kg-day
CS Chemical Concentration in Soil/Sediment mg/kg
CF Conversion Factor kg/mg
IR-S Ingestion Rate of Soil/Sediment mg/day
SA Skin Surface Area Available for Contact cm2/day
AF Adherence Factor mg/cm2

ABS Absorption Factor unitless
EC Exposure Concentration mg/m3

CA Chemical Concentration in Air mg/m3

VF Volatilization Factor m3/kg
ET Exposure Time hrs/day
EF Exposure Frequency days/year
ED Exposure Duration years
BW Body Weight kg
AT-C Averaging Time (Cancer) days or hrs

AT-C = 70 years x 365 days /year
AT-N Averaging Time (Noncancer) days or hrs

AT-N = ED x 365 days/year
AT-N = ED x 365 days/year x 24 hr/day -- inhalation pathway

DI =
CS x CF x SA x AF x ABS x EF x ED

BW x AT-C
DI =

CS x CF x SA x AF x ABS x EF x ED
BW x AT-N

TABLE B-4.3
EQUATIONS USED FOR DAILY INTAKE CALCULATIONS FOR SOIL AND SEDIMENT EXPOSURE PATHWAYS FOR CHEMICALS OF CONCERN

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

DI = DI =
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For Future  Residents
Ingestion Pathway

Carcinogenic Nonmutagen

Carcinogenic Mutagen (Reasonable Maximum Exposure)

Carcinogenic Mutagen (Central Tendency Exposure)

Non-carcinogenic adult Non-carcinogenic child

Dermal Contact Pathway
Carcinogenic Nonmutagen

Carcinogenic Mutagen (Reasonable Maximum Exposure)

Carcinogenic Mutagen (Central Tendency Exposure)

Non-carcinogenic adult Non-carcinogenic child

Inhalation Pathway
Carcinogenic Nonmutagen

EC = CA x {(ETa x EDa)+(ETc x EDc)} x EF / AT

Carcinogenic Mutagen (Reasonable Maximum Exposure)

EC = CA x {(2yr x10xETc)+(4yr x3xETc)+(10yr x3xETa)+(14yr x1xETa)} x EF / AT

Carcinogenic Mutagen (Central Tendency Exposure)

EC = CA x {(2yr x10xETc)+(4yr x3xETc)+(9yr x3xETa)} x EF / AT Non-carcinogenic child

Non-carcinogenic adult EC = CA x ETc x EDc x EF / AT-Nc

EC = CA x ETa x EDa x EF / AT-Na

CS x CF x IR-Sa x EDc x EF

AT-Nc x BWc

DI =
CS x Saa x AFa x  EDa x ABS x EF x CF

DI =
CS x Sac x AFc x  EDc x ABS x EF x CF

AT-Na x BWa AT-Nc x BWc

DI =
CS x {(2yr xIR-Scx10/BWc) + (4yr xIR-Scx3/BWc) + (9yr xIR-Sax3/BWa)} x EF x CF

AT

DI =
CS x {(2yr xSAcxAFcx10/BWc)+(4yr xSAcxAFcx3/BWc)+(9yr xSAaxAFax3/BWa)} x ABS x EF x CF

AT

DI =
CS x {(SAaxAFaxEDa/BWa) + (SAcxAFcxEDc/BWc)} x ABS x EF x CF

AT

DI =
CS x {(2yr xSAcxAFcx10/BWc)+(4yr xSAcxAFcx3/BWc)+(10yr xSAaxAFax3/BWa)+(14yr xSAaxAFax1/BWa)} x ABS x EF x CF

AT

DI =
CS x CF x IR-Sa x EDa x EF

AT-Na x BWa

DI =

DI =
CS x CF x {(IR-Sa x EDa/BWa) + (IR-Sc x EDc/BWc)} x EF

AT

DI =
CS x {(2yr xIR-Scx10/BWc) + (4yr xIR-Scx3/BWc) + (10yr xIR-Sax3/BWa) + (14yr xIR-Sax1/BWa)} x EF x CF 

AT
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Future Resident
DI Daily intake mg/kg-day
CS Chemical Concentration in Soil mg/kg
CF Conversion Factor kg/mg
IR-Sa Ingestion Rate of Soil - adult mg/day

IR-Sc Ingestion Rate of Soil - child mg/day

SAa Skin Surface Area Available for Contact - adult cm2

SAc Skin Surface Area Available for Contact - child cm2

AFa Adherence Factor - adult mg/cm2

AFc Adherence Factor - child mg/cm2

ABS Absorption Factor unitless
EC Exposure Concentration mg/m3

CA Chemical Concentration in Air mg/m3

VF Volatilization Factor m3/kg
PEF Particulate Emission Factor m3/kg
ETa Exposure Time - adult hrs/day

ETc Exposure Time - child hrs/day

EF Exposure Frequency days/year
EDa Exposure Duration - adult years

EDc Exposure Duration - child years

BWa Body Weight - adult kg

BWc Body Weight - child kg

AT-C Averaging Time (Cancer) days or hrs
AT-C = 70 years x 365 days /year
AT-C = 70 years x 365 days /year x 24 hr/day -- inhalation pathway

AT-Na Averaging Time (Noncancer) - adult days or hrs

AT-Nc Averaging Time (Noncancer) - child days or hrs

AT-N = ED x 365 days/year
AT-N = ED x 365 days/year x 24 hr/day -- inhalation pathway

Note : subscripts are used  in combination with parameter to indicate adult [a] and child [c]
Sources:
  EPA 1989. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002.
  EPA 2004. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part E, Supplemental Guidance for 
  Dermal Risk Assessment Final. EPA/540/R/99/005.
  EPA 2009. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part F, Supplemental Guidance for 
  Inhalation Risk Assessment. EPA-540-R-070-002.
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TABLE B-4.4
VALUES USED FOR DAILY INTAKE CALCULATIONS FOR GROUNDWATER EXPOSURE PATHWAYS

Scenario Timeframe:  Future
Medium:   Groundwater
Exposure Medium: Groundwater

Value
Rationale/ 
Reference

Value
Rationale/ 
Reference

Ingestion Resident Adult/Child Tap Water CW Chemical Concentration in Water µg/L Table B-3.2a Table B-3.2a Table B-3.2a Table B-3.2a
CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 --

IR-Wa Ingestion Rate of Water, adult L/day 2.5 EPA 2014 0.7 EPA 2011(1)

IR-Wc Ingestion Rate of Water, child L/day 0.78 EPA 2014 0.3 EPA 2011(1)

BWa Body Weight, adult kg 80 EPA 2002 80 EPA 2002

BWc Body Weight, child kg 15 EPA 2002 15 EPA 2002

EDa Exposure Duration, adult years 20 EPA 2004 9 EPA 1997

 EDc Exposure Duration, child years 6 EPA 2004 6 EPA 1991

EF Exposure Frequency days/year 350 EPA 2002 350 EPA 2002
 AT-C Averaging Time (Cancer) days 25,550 EPA 1989 25,550 EPA 1989

AT-Na Averaging Time (Noncancer) - adult days 7,300 EPA 1989 3,285 EPA 1989

AT-Nc Averaging Time (Noncancer) - child days 2,190 EPA 1989 2,190 EPA 1989

Dermal Resident Adult/Child Tap Water CW Chemical Concentration in Water µg/L Table B-3.2a Table B-3.2a Table B-3.2a Table B-3.2a
Contact (Showering CF1 Conversion Factor 1 mg/µg 0.001 -- 0.001 --

and Bathing) SAa Skin Surface Area Available for Contact - adult cm2 20,900 EPA 2014 20,900 EPA 2004

SAc Skin Surface Area Available for Contact - child cm2 6,378 EPA 2014 6,378 EPA 2004

DAevent Absorbed dose mg/cm2 chemical specific Table B-4.8 chemical specific Table B-4.8

CF2 Conversion Factor 2 L/cm3 0.001 -- 0.001 --

ETa Exposure Time - adult hr/day 0.71 EPA 2014 0.355 (2)

ETc Exposure Time - child hr/day 0.54 EPA 2014 0.27 (2)

EF Exposure Frequency days/year 350 EPA 2004 350 EPA 2004
EDa Exposure Duration - adult years 20 EPA 2004 9 EPA 2004

EDc Exposure Duration - child years 6 EPA 2004 6 EPA 1991

BWa Body Weight kg 80 EPA 2004 80 EPA 2004

BWc Body Weight - child kg 15 EPA 2004 15 EPA 2004

AT-C Averaging Time (Cancer) days 25,550 EPA 1989 25,550 EPA 1989
AT-Na Averaging Time (Noncancer) - adult days 7,300 EPA 1989 3,285 EPA 1989

AT-Nc Averaging Time (Noncancer) - child days 2,190 EPA 1989 2,190 EPA 1989

Inhalation Resident Adult/Child Tap Water CW Chemical concentration in groundwater µg/L Table B-3.2a Table B-3.2a Table B-3.2a Table B-3.2a

(Showering CA Chemical concentration in air µg/m3 Tables D-3 or D-4 Tables D-3 or D-4 Tables D-3 or D-4 Tables D-3 or D-4

and Bathing) CF Conversion factor mg/µg 0.001 -- 0.001 --
ETa Exposure time - adult hr/day 0.71 EPA 2014 0.355 (2)

ETc Exposure time - child hr/day 0.54 EPA 2014 0.27 (2)

EF Exposure frequency days/yr 350 EPA 2004 350 EPA 2004
EDa Exposure Duration, adult years 20 EPA 2004 9 EPA 1997

EDc Exposure duration, child years 6 EPA 2004 6 EPA 1991

AT-C Averaging time (Cancer) hrs 613,200 EPA 2009 613,200 EPA 2009
AT-Na Averaging time (Noncancer) - adult hrs 175,200 EPA 2009 78,840 EPA 2009

AT-Nc Averaging time (Noncancer) - child hrs 52,560 EPA 2009 52,560 EPA 2009

RME CTE

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Exposure 
Route

Receptor 
Population

Receptor 
Age

Exposure 
Point

Parameter 
Code

Parameter Definition Unit

Page 1 of 2 6/12/2017



TABLE B-4.4
VALUES USED FOR DAILY INTAKE CALCULATIONS FOR GROUNDWATER EXPOSURE PATHWAYS

Scenario Timeframe:  Future
Medium:   Groundwater
Exposure Medium: Groundwater

Value
Rationale/ 
Reference

Value
Rationale/ 
Reference

RME CTE

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Exposure 
Route

Receptor 
Population

Receptor 
Age

Exposure 
Point

Parameter 
Code

Parameter Definition Unit

Ingestion Commercial Adult Tap Water CW Chemical Concentration in Water µg/L Table B-3.2a Table B-3.2a
Worker CF1 Conversion Factor 1 mg/µg 0.001 --

IR-W Ingestion Rate of Water L/day 2.5 EPA 2014
EF Exposure Frequency days/year 250 EPA 2014
ED Exposure Duration years 25 EPA 2014
BW Body Weight kg 80 EPA 2014

AT-C Averaging Time (Cancer) days 25,550 EPA 2014
AT-N Averaging Time (Noncancer) days 9,125 EPA 1989

Dermal Commercial Adult Tap Water CW Chemical Concentration in Water µg/L Table B-3.2a Table B-3.2a

Contact Worker   CF1 Conversion Factor 1 mg/µg 0.001 --
Hand 

Washing
SA Skin Surface Area Available for Contact cm2 3,470 EPA 2014

DAevent Absorbed dose mg/cm2 chemical specific Table B-4.8

CF2 Conversion Factor 2 L/cm3 0.001 --

ET Exposure Time hrs/day 0.1 Prof. judgement

EF Exposure Frequency days/year 250 EPA 2014

ED Exposure Duration years 25 EPA 2014

BW Body Weight kg 80 EPA 2014

AT-C Averaging Time (Cancer) days 25,550 EPA 2014

AT-N Averaging Time (Noncancer) days 9,125 EPA 1989

Inhalation Commercial Adult Tap Water CW Chemical concentration in groundwater µg/L Table B-3.2a Table B-3.2a

Worker
Hand 

Washing
CA Chemical concentration in air µg/m3 =CW*0.5 L/m3 EPA 2016

 CF Conversion factor mg/µg 0.001 --

ETa Exposure time - adult hr/day 0.1 Prof. judgement

EF Exposure frequency days/yr 250 EPA 2004

EDa Exposure Duration, adult years 25 EPA 2004

AT-C Averaging time (Cancer) hrs 613,200 EPA 2009

AT-Na Averaging time (Noncancer) - adult hrs 219,000 EPA 2009

RME =  Reasonable Maximum Exposure; CTE = Central Tendency Exposure

Notes:
(1) based on the mean drinking water ingestion rate for adult (7 to ≥21 years) and children (0 to <6 years) (Table 3-1)
(2) The time spent showering and bathing for CTE scenarios is one-half the value of RME. 
 
Sources:
  EPA 1989. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002
  EPA 1991. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Supplemental Guidance, Standard Default Exposure Factors. Interim Final. OSWER Directive 9285.6-03
  EPA 1997. Exposure Factors Handbook, Vols. I, II, and III. EPA/600/P-95/002Fa, 002Fb, and 002Fc.
  EPA 2002. Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24
  EPA 2004. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part E, Supplemental Guidance for Dermal Risk Assessment Final. EPA/540/R/99/005
  EPA 2009. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part F, Supplemental Guidance for Inhalation Risk Assessment. EPA-540-R-070-002
  EPA 2011: Exposure Factors Handbook. ORD. EPA/600/R-10/030. October.
  EPA 2014. Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors. OSWER Directive 9200.1-120. February 6.
  EPA 2016. Regional Screening Levels, May 2016, Default voltilization factor

Not evaluated

Not evaluated

Not evaluated
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Ingestion Pathway
Carcinogenic

Non-carcinogenic - child

Dermal Contact Pathway
Carcinogenic

Non-carcinogenic - child

Inhalation Pathway
Carcinogenic

EC = CF1 x CAa x ETa x EDa x EF / AT-C + CF1 x CAc x ETc x EDc x EF / AT-C

Non-carcinogenic - child
EC = CF1 x CAc x ETc x EDc x EF / AT-Nc

Sources:
  EPA 1989. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002.
  EPA 2004. Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part E, Supplemental Guidance for 
  Dermal Risk Assessment Final. EPA/540/R/99/005.

DAD =
SAc x DAevent-c x EDc x EF

AT-Nc x BWc

+
SAc x DAevent-c x EDc x EF

AT-C x BWc

DI =
CW x CF1 x IR-Wc x EDc x EF

AT-Nc x BWc

DAD =
SAa x DAevent-a x EDa x EF

AT-C x BWa

DI =
CW x CF1 x IR-Wa x EDa x EF

+
CW x CF1 x IR-Wc x EDc x EF

AT-C x BWa AT-C x BWc

TABLE B-4.5
EQUATIONS USED FOR DAILY INTAKE CALCULATIONS FOR GROUNDWATER EXPOSURE PATHWAYS

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York
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TABLE B-4.5
EQUATIONS USED FOR DAILY INTAKE CALCULATIONS FOR GROUNDWATER EXPOSURE PATHWAYS

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

DI Daily intake mg/kg-day
DAD Dermally Absorbed Dose mg/kg-day
CW Chemical Concentration in Water µg/L
CF1 Conversion Factor 1 mg/µg
IR-Wa Ingestion Rate of Water - adult L/day

IR-Wc Ingestion Rate of Water - child L/day

SAa Skin Surface Area Available for Contact - adult cm2/day

SAc Skin Surface Area Available for Contact - child cm2/day

DAevent-a Absorbed Dose - adult (Table B-4.2) mg/cm2

DAevent-c Absorbed Dose - child (Table B-4.2) mg/cm2

EC Exposure Concentration mg/m3

CAa Chemical Concentration in Air - adult (Table D-3) µg/m3

CAc Chemical Concentration in Air - child (Table D-4) µg/m3

ETa Exposure Time - adult hrs/day

ETc Exposure Time - child hrs/day

EF Exposure Frequency days/year
EDa Exposure Duration - adult years

EDc Exposure Duration - child years

BWa Body Weight - adult kg

BWc Body Weight - child kg

AT-C Averaging Time (Cancer) days or hrs
AT-C = 70 years x 365 days /year

AT-Na Averaging Time (Noncancer) - adult days or hrs

AT-Nc Averaging Time (Noncancer) - child days or hrs

AT-N = ED x 365 days/year
AT-N = ED x 365 days/year x 24 hr/day -- inhalation pathway
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Resident RME 
(groundwater)

Resident CTE 
(groundwater)

Site

(Unitless) (cm/hr) (Unitless) (hr/event) (hr) (Unitless) (mg/cm2) (mg/cm2) (atm-m3/mole) (cm2/s) (cm2/s) (cm3/g) (cm3/g) (cm2/s) (m3/kg) Unitless

Volatile Organic Compounds
Chloroform NA 6.8E-03 1.0E+00 4.9E-01 1.2E+00 2.9E-02 3.1E-08 2.2E-08 3.7E-03 7.7E-02 1.1E-05 3.2E+01 1.9E-01 4.6E-07 2.2E+05 5.5E-01
cis-1,2-Dichloroethene NA 1.1E-02 1.0E+00 3.7E-01 8.8E-01 4.2E-02 3.5E-07 2.4E-07 4.1E-03 8.8E-02 1.1E-05 4.0E+01 2.4E-01 4.7E-07 2.2E+05 5.6E-01
Tetrachloroethene NA 3.3E-02 1.0E+00 8.9E-01 2.1E+00 1.7E-01 3.9E-05 2.7E-05 1.8E-02 5.0E-02 9.5E-06 9.5E+01 5.7E-01 4.9E-07 2.1E+05 5.0E-01
Trichloroethene NA 1.2E-02 1.0E+00 5.7E-01 1.4E+00 5.1E-02 1.1E-07 7.5E-08 9.9E-03 6.9E-02 1.0E-05 6.1E+01 3.6E-01 5.8E-07 1.9E+05 5.3E-01
Semi-volatile Organic Compounds  NA NA NA NA NA         
1,1'-Biphenyl NA 9.4E-02 NA 7.7E-01 1.8E+00 4.5E-01 NA NA 3.1E-04 4.7E-02 7.6E-06 5.1E+03 3.1E+01 1.6E-10 1.2E+07 4.3E-01
2-Methylnaphthalene 1.3E-01 9.2E-02 1.0E+00 6.6E-01 1.6E+00 4.2E-01 NA NA 5.2E-04 5.2E-02 7.8E-06 2.5E+03 1.5E+01 5.9E-10 6.1E+06 4.4E-01
Benzo(a)anthracene 1.3E-01 5.5E-01 1.0E+00 2.0E+00 8.5E+00 3.2E+00 NA NA 1.2E-05 2.6E-02 6.7E-06 1.8E+05 1.1E+03 3.4E-13 2.5E+08 4.0E-01
Benzo(a)pyrene 1.3E-01 7.1E-01 1.0E+00 2.7E+00 1.2E+01 4.4E+00 NA NA 4.6E-07 4.8E-02 5.6E-06 5.9E+05 3.5E+03 6.3E-14 NA NA
Benzo(b)fluoranthene 1.3E-01 4.2E-01 1.0E+00 2.7E+00 1.1E+01 2.5E+00 NA NA 6.6E-07 4.8E-02 5.6E-06 6.0E+05 3.6E+03 6.3E-14 NA NA
Benzo(k)fluoranthene 1.3E-01 6.9E-01 1.0E+00 2.7E+00 1.2E+01 4.2E+00 NA NA 5.8E-07 4.8E-02 5.6E-06 5.9E+05 3.5E+03 6.4E-14 NA NA
Bis(2-Ethylhexyl)Phthalate 1.0E-01 1.1E+00 NA 1.6E+01 7.3E+01 8.6E+00 NA NA 2.7E-07 1.7E-02 4.2E-06 1.2E+05 7.2E+02 2.3E-13 NA NA
Indeno(1,2,3-cd)pyrene 1.3E-01 1.2E+00 6.0E-01 3.7E+00 1.7E+01 7.9E+00 NA NA 3.5E-07 4.5E-02 5.2E-06 2.0E+06 1.2E+04 1.8E-14 NA NA
Naphthalene 1.3E-01 4.7E-02 1.0E+00 5.5E-01 1.3E+00 2.0E-01 NA NA 4.4E-04 6.0E-02 8.4E-06 1.5E+03 9.3E+00 9.3E-10 4.9E+06 4.6E-01
Pesticides/Polychlorinated Biphenyls               
4,4'-DDT 3.0E-02 6.3E-01 7.0E-01 1.0E+01 4.4E+01 4.5E+00 NA NA 8.3E-06 3.8E-02 4.4E-06 1.7E+05 1.0E+03 2.7E-13 NA NA
Aroclor 1260 1.4E-01 9.9E-01 NA 1.7E+01 7.7E+01 7.5E+00 NA NA 3.4E-04 2.2E-02 5.6E-06 3.5E+05 2.1E+03 1.2E-12 1.4E+08 3.5E-01
Dieldrin NA 3.3E-02 8.0E-01 1.4E+01 3.4E+01 2.4E-01 NA NA 1.0E-05 2.3E-02 6.0E-06 2.0E+04 1.2E+02 2.5E-12 NA NA
Inorganics                
Aluminum NA 1.0E-03 NA 1.5E-01 3.6E-01 2.0E-03 NA NA NA NA NA NA NA NA NA NA
Arsenic 3.0E-02 1.0E-03 NA 2.9E-01 6.9E-01 3.4E-03 1.7E-12 8.0E-13 NA NA NA NA NA NA NA NA
Chromium NA 1.0E-03 NA 2.1E-01 4.9E-01 2.8E-03 6.4E-12 3.0E-12 NA NA NA NA NA NA NA NA
Cobalt NA 4.0E-04 NA 2.2E-01 5.4E-01 1.2E-03 7.2E-13 3.5E-13 NA NA NA NA NA NA NA NA
Iron NA 1.0E-03 NA 2.2E-01 5.2E-01 2.9E-03 8.3E-10 3.9E-10 NA NA NA NA NA NA NA NA
Lead NA 1.0E-04 NA 1.5E+00 3.7E+00 5.5E-04 NA NA NA NA NA NA NA NA NA NA
Manganese NA 1.0E-03 NA 2.1E-01 5.1E-01 2.9E-03 NA NA NA NA NA NA NA NA NA NA
Mercury NA 1.0E-03 NA 1.4E+00 3.4E+00 5.4E-03 5.0E-14 2.4E-14 8.6E-03 3.1E-02 6.3E-06 NA NA NA NA NA
Selenium NA 1.0E-03 NA 2.9E-01 7.0E-01 3.4E-03 1.5E-11 7.4E-12 NA NA NA NA NA NA NA NA
Vanadium NA 1.0E-03 NA 2.0E-01 4.9E-01 2.7E-03 NA NA NA NA NA NA NA NA NA NA

NA - Not applicable

DAevent
(2)

Lag time per 

event(1)

Time to 
reach steady 

state(1)
B(1)

Volatilization 

factor(3)

TABLE B-4.8
CHEMICAL-SPECIFIC INFORMATION USED FOR DAILY INTAKE CALCULATIONS

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Soil-Water 
Partition 

Coefficient

Apparent 

Diffusivity(3)

Fraction 

Volatilized(4)

Henry's Law 

Constant(2) 

Diffusivity 

in Air(2) 

Diffusivity in 

Water(2) 

Soil Organic 
Carbon Partition 

Coefficient(2) Chemical

Dermal 
Absorption 

Fraction (1)

Permeability 

Coefficient (2)

Fraction 
absorbed 

water(1)
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Resident RME 
(groundwater)

Resident CTE 
(groundwater)

Site

(Unitless) (cm/hr) (Unitless) (hr/event) (hr) (Unitless) (mg/cm2) (mg/cm2) (atm-m3/mole) (cm2/s) (cm2/s) (cm3/g) (cm3/g) (cm2/s) (m3/kg) Unitless

DAevent
(2)

Lag time per 

event(1)

Time to 
reach steady 

state(1)
B(1)

Volatilization 

factor(3)

TABLE B-4.8
CHEMICAL-SPECIFIC INFORMATION USED FOR DAILY INTAKE CALCULATIONS

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Soil-Water 
Partition 

Coefficient

Apparent 

Diffusivity(3)

Fraction 

Volatilized(4)

Henry's Law 

Constant(2) 

Diffusivity 

in Air(2) 

Diffusivity in 

Water(2) 

Soil Organic 
Carbon Partition 

Coefficient(2) Chemical

Dermal 
Absorption 

Fraction (1)

Permeability 

Coefficient (2)

Fraction 
absorbed 

water(1)

Notes:
(1) Source: EPA 2004. Risk Assessment Guidance for Superfund. Part E. 
(2) Source: EPA 2016. Regional Screening Levels for Chemical Contaminanats at Superfund Sites. May.
(3) Volatilization Factor is calculated using Equation 8 from SSG (EPA 2002) (p.4-24)

  Q/C x (3.14 x DA x T)1/2 x 10-4 (m2/cm2)
(2 x ρb x DA)

where: H' = Dimensionless Henry's law constant
VF = volatilization factor, m3/kg DA = apparent diffusivity, cm2/s

Di = diffusion coefficient in air, cm2/s θa = air filled soil porosity = n - θw = 0.28

Dw = diffusion coefficient in water, cm2/s θw = water-filled soil porosity = 0.15

Kd = soil-water partition coefficient, cm3/g = Koc x foc n = total porosity = 1 - ρb/ρs = 0.43

foc = fraction organic carbon in soil, g/g = 0.006 ρb = dry soil bulk density, g/cm3 = 1.5

Koc = soil organic carbon partition coefficient, cm3/g ρs = soil particle density, g/cm3 = 2.65

T = exposure interval, s = 9.5 x 108

Q/C = inverse of the ratio of the geometric mean air concentration to the volatilization flux at center of a square source (see Table B-4-5)

(4) Estimated for volatile chemicals using Equation 5 fromR = gas constant, atm-m3/mol-K = 8.21 x 10-5

Where: 

   fi = volatilization fraction for chemical i R = gas constant, atm-m3/mol-K = 8.21 x 10-5

   fj = volatilization fraction for chemical j = Radon H = Henry's law constant, atm-m3/mol

   Da = diffusion coefficient in air, m2/s T = temperature, K = 293

   Dw = diffusion coefficient in water, m2/s

   Da for Radon = 2.0 x 10-5

   Dw for Radon = 1.4 x 10-9

(5) Chemical-specific information for m-xylene applied to m,p-xylene.

DA = 

VF = 

(θa
10/3 DiH' + θw

10/3Dw)/n2

ρbKd + θw + θaH'

fi = fj ×
 (2.5/Dw

0.67 + RT/ Da
0.67H)j

 (2.5/Dw
0.67 + RT/ Da

0.67H)i
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(lnAsite-B)2

C

 
Q/C=

A,B,C constant based on Zone 8, Philadelphia, PA(1)

A = 14.0111 (unitless)
B = 19.6154 (unitless)
C = 225.3397 (unitless)

0.036 x (1-V) x (Um/Ut)
3 x F(x)

Variable Value Unit Variable Definition Reference
PEF= calculated m3/kg Particulate Emission Factor EPA 2002

Um = 5.4 m/s
Mean annual wind speed (About 
12 miles per hour) Online Data Source (3)

(1 mile/hr =0.44704 meter/sec)

Ut = 11.32 m/s
Equivalent threshold value of 
windspeed at 7m (m/s), default EPA 2002   

F(x) = 0.194 (unitless)

Function dependent on Um/Ut 

derived from Cowherd et. al. 
(1985), default EPA 2002

Site  
Asite (site area in acres) 0.75  

Q/Cwind (g/m2 -s per kg/m3) 81.27  

V (vegetative cover) 0.5
PEF (m3/kg) 7.87E+08  

(1)EPA 2002, Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. Exhibit D-2.

(2) Cowherd, C.G.., G.Muleski, P. Engelhart, and D. Gillette. 1985, Rapid Assessment of Exposure to Particulate 
Emissions from Surface Contamination Sites . EPA/600/8-85/002. Office of Health and Environmental 
Assessment, U.S. Environmental Protection Agency , Washington, D.C.

PEF = Q/C x
3,600 s/h

TABLE B-4.9
PARTICULATE EMISSION FACTOR

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, New York

Q/C = A x exp

Inverse of 1-hour average air concentration along a straight 
road segment bisecting a 0.5-acre square site
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Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Lifetime

Intake/ Exposure Concentration Slope Factor/Unit Risk Cancer Intake/ Exposure Concentration RfD/RfC Hazard
Value Unit Value Unit Value Unit Risk Value Unit Value Unit Quotient

Surface Surface Soil Site Soil Ingestion Semi-volatile Organic Compounds

Benzo(a)anthracene 7.89E+00 mg/kg 2.37E-05 mg/kg-day 7.30E-01 (mg/kg-day)-1
1.73E-05 5.04E-05 mg/kg-day NA NA NA

Benzo(a)pyrene 6.20E+00 mg/kg 1.86E-05 mg/kg-day 7.30E+00 (mg/kg-day)-1
1.36E-04 3.96E-05 mg/kg-day NA NA NA

Benzo(b)fluoranthene 7.85E+00 mg/kg 2.35E-05 mg/kg-day 7.30E-01 (mg/kg-day)-1
1.72E-05 5.02E-05 mg/kg-day NA NA NA

Benzo(k)fluoranthene 4.00E+00 mg/kg 1.20E-05 mg/kg-day 7.30E-02 (mg/kg-day)-1
8.75E-07 2.56E-05 mg/kg-day NA NA NA

Indeno(1,2,3-cd)pyrene 9.47E-01 mg/kg 2.84E-06 mg/kg-day 7.30E-01 (mg/kg-day)-1
2.07E-06 6.06E-06 mg/kg-day NA NA NA

Pesticides/Polychlorinated Biphenyls

4,4'-DDT 4.89E+00 mg/kg 3.06E-06 mg/kg-day 3.40E-01 (mg/kg-day)-1
1.04E-06 3.12E-05 mg/kg-day 5.00E-04 mg/kg-day 6.25E-02

Aroclor 1260 5.80E+01 mg/kg 3.63E-05 mg/kg-day 2.00E+00 (mg/kg-day)-1
7.26E-05 3.71E-04 mg/kg-day 2.00E-05 mg/kg-day 1.86E+01

Dieldrin 6.20E-01 mg/kg 3.88E-07 mg/kg-day 1.60E+01 (mg/kg-day)-1
6.20E-06 3.96E-06 mg/kg-day 5.00E-05 mg/kg-day 7.93E-02

Inorganics

Aluminum 8.69E+03 mg/kg 5.43E-03 mg/kg-day NA NA NA 5.56E-02 mg/kg-day 1.00E+00 mg/kg-day 5.56E-02

Arsenic 1.31E+01 mg/kg 8.20E-06 mg/kg-day 1.50E+00 (mg/kg-day)-1
1.23E-05 8.39E-05 mg/kg-day 3.00E-04 mg/kg-day 2.80E-01

Chromium 1.69E+01 mg/kg 5.05E-05 mg/kg-day 5.00E-01 (mg/kg-day)-1
2.53E-05 1.08E-04 mg/kg-day 3.00E-03 mg/kg-day 3.59E-02

Cobalt 5.54E+00 mg/kg 3.46E-06 mg/kg-day NA NA NA 3.54E-05 mg/kg-day 3.00E-04 mg/kg-day 1.18E-01

Iron 1.63E+04 mg/kg 1.02E-02 mg/kg-day NA NA NA 1.04E-01 mg/kg-day 7.00E-01 mg/kg-day 1.48E-01

Lead 1.65E+02 mg/kg 1.03E-04 mg/kg-day NA NA NA 1.05E-03 mg/kg-day NA NA NA

Manganese 2.51E+02 mg/kg 1.57E-04 mg/kg-day NA NA NA 1.60E-03 mg/kg-day 1.40E-01 mg/kg-day 1.14E-02

Mercury 6.38E+01 mg/kg 3.98E-05 mg/kg-day NA NA NA 4.08E-04 mg/kg-day NA NA NA

Selenium 6.44E+02 mg/kg 4.03E-04 mg/kg-day NA NA 4.12E-03 mg/kg-day 5.00E-03 mg/kg-day 8.24E-01
Vanadium 2.70E+01 mg/kg 1.69E-05 mg/kg-day NA NA NA 1.73E-04 mg/kg-day 5.00E-03 mg/kg-day 3.45E-02

Exp. Route Total 2.91E-04 2.02E+01

Surface Surface Soil Site Soil Dermal Semi-volatile Organic Compounds

Contact Benzo(a)anthracene 7.89E+00 mg/kg 3.32E-06 mg/kg-day 7.30E-01 (mg/kg-day)-1
2.42E-06 7.06E-06 mg/kg-day NA NA NA

Benzo(a)pyrene 6.20E+00 mg/kg 2.61E-06 mg/kg-day 7.30E+00 (mg/kg-day)-1
1.90E-05 5.54E-06 mg/kg-day NA NA NA

Benzo(b)fluoranthene 7.85E+00 mg/kg 3.30E-06 mg/kg-day 7.30E-01 (mg/kg-day)-1
2.41E-06 7.02E-06 mg/kg-day NA NA NA

Benzo(k)fluoranthene 4.00E+00 mg/kg 1.68E-06 mg/kg-day 7.30E-02 (mg/kg-day)-1
1.23E-07 3.58E-06 mg/kg-day NA NA NA

Indeno(1,2,3-cd)pyrene 9.47E-01 mg/kg 3.99E-07 mg/kg-day 7.30E-01 (mg/kg-day)-1
2.91E-07 8.47E-07 mg/kg-day NA NA NA

Pesticides/Polychlorinated Biphenyls

4,4'-DDT 4.89E+00 mg/kg 1.00E-07 mg/kg-day 3.40E-01 (mg/kg-day)-1
3.40E-08 1.01E-06 mg/kg-day 5.00E-04 mg/kg-day 2.02E-03

Aroclor 1260 5.80E+01 mg/kg 5.55E-06 mg/kg-day 2.00E+00 (mg/kg-day)-1
1.11E-05 5.59E-05 mg/kg-day 2.00E-05 mg/kg-day 2.79E+00

Dieldrin 6.20E-01 mg/kg NA NA 1.60E+01 (mg/kg-day)-1
NA NA NA 5.00E-05 mg/kg-day NA

Inorganics

Aluminum 8.69E+03 mg/kg NA NA NA NA NA NA NA 1.00E+00 mg/kg-day NA

Arsenic 1.31E+01 mg/kg 2.69E-07 mg/kg-day 1.50E+00 (mg/kg-day)-1
4.03E-07 2.71E-06 mg/kg-day 3.00E-04 mg/kg-day 9.02E-03

Chromium 1.69E+01 mg/kg NA NA 5.00E-01 (mg/kg-day)-1
NA NA NA 7.50E-05 mg/kg-day NA

Cobalt 5.54E+00 mg/kg NA NA NA NA NA NA NA 3.00E-04 mg/kg-day NA

Iron 1.63E+04 mg/kg NA NA NA NA NA NA NA 7.00E-01 mg/kg-day NA

Lead 1.65E+02 mg/kg NA NA NA NA NA NA NA NA NA NA

Manganese 2.51E+02 mg/kg NA NA NA NA NA NA NA 5.60E-03 mg/kg-day NA

Mercury 6.38E+01 mg/kg NA NA NA NA NA NA NA NA NA NA

Selenium 6.44E+02 mg/kg NA NA NA NA NA NA NA 5.00E-03 mg/kg-day NA
Vanadium 2.70E+01 mg/kg NA NA NA NA NA NA NA 5.00E-03 mg/kg-day NA

Exp. Route Total 3.58E-05 2.81E+00

Exposure Point 
Concentration

Cancer Risk Calculation Noncancer Hazard Calculation

TABLE C-7.1

CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS

CENTRAL TENDENCY EXPOSURE

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of Potential Concern

Page 1 of 2



   

Scenario Timeframe:  Future
Receptor Population:  Resident
Receptor Age:  Lifetime

Intake/ Exposure Concentration Slope Factor/Unit Risk Cancer Intake/ Exposure Concentration RfD/RfC Hazard
Value Unit Value Unit Value Unit Risk Value Unit Value Unit Quotient

Exposure Point 
Concentration

Cancer Risk Calculation Noncancer Hazard Calculation

TABLE C-7.1

CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS

CENTRAL TENDENCY EXPOSURE

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of Potential Concern

Surface Surface Soil Site Soil Inhalation Semi-volatile Organic Compounds
  Benzo(a)anthracene 7.89E+00 mg/kg 6.38E-06 µg/m3

1.10E-04 (µg/m3) 1
7.01E-10 1.86E-07 mg/m3

NA NA NA

Benzo(a)pyrene 6.20E+00 mg/kg 5.62E-15 µg/m3
1.10E-03 (µg/m3)-1

6.18E-18 4.73E-08 mg/m3
NA NA NA

Benzo(b)fluoranthene 7.85E+00 mg/kg 7.11E-15 µg/m3
1.10E-04 (µg/m3)-1

7.82E-19 5.98E-08 mg/m3
NA NA NA

Benzo(k)fluoranthene 4.00E+00 mg/kg 3.62E-15 µg/m3
1.10E-04 (µg/m3)-1

3.99E-19 3.05E-08 mg/m3
NA NA NA

Indeno(1,2,3-cd)pyrene 9.47E-01 mg/kg 8.58E-16 µg/m3
1.10E-04 (µg/m3)-1

9.44E-20 7.22E-09 mg/m3
NA NA NA

Pesticides/Polychlorinated Biphenyls

4,4'-DDT 4.89E+00 mg/kg 1.62E-15 µg/m3
9.70E-05 (µg/m3)-1

1.57E-19 3.73E-08 mg/m3
NA NA NA

Aroclor 1260 5.80E+01 mg/kg 1.12E-13 µg/m3
5.70E-04 (µg/m3)-1

6.39E-17 2.58E-06 mg/m3
NA NA NA

Dieldrin 6.20E-01 mg/kg 2.06E-16 µg/m3
4.60E-03 (µg/m3)-1

9.46E-19 4.73E-09 mg/m3
NA NA NA

Inorganics

Aluminum 8.69E+03 mg/kg 2.88E-12 µg/m3
NA NA NA 6.62E-05 mg/m3

5.00E-03 mg/m3
1.32E-02

Arsenic 1.31E+01 mg/kg 4.35E-15 µg/m3
4.30E-03 (µg/m3)-1

1.87E-17 1.00E-07 mg/m3
1.50E-05 mg/m3

6.67E-03

Chromium 1.69E+01 mg/kg 1.53E-14 µg/m3
8.40E-04 (µg/m3)-1

1.28E-17 1.28E-07 mg/m3
1.00E-04 mg/m3

1.28E-03

Cobalt 5.54E+00 mg/kg 1.84E-15 µg/m3
9.00E-03 (µg/m3)-1

1.65E-17 4.22E-08 mg/m3
6.00E-06 mg/m3

7.03E-03

Iron 1.63E+04 mg/kg 5.39E-12 µg/m3
NA NA NA 1.24E-04 mg/m3

NA NA NA

Lead 1.65E+02 mg/kg 5.46E-14 µg/m3
NA NA NA 1.26E-06 mg/m3

NA NA NA

Manganese 2.51E+02 mg/kg 8.30E-14 µg/m3
NA NA NA 1.91E-06 mg/m3

5.00E-05 mg/m3
3.82E-02

Mercury 6.38E+01 mg/kg 2.11E-14 µg/m3
NA NA NA 4.86E-07 mg/m3

3.00E-04 mg/m3
1.62E-03

Selenium 6.44E+02 mg/kg 2.14E-13 µg/m3
NA NA NA 4.91E-06 mg/m3

2.00E-02 mg/m3
2.45E-04

Vanadium 2.70E+01 mg/kg 8.95E-15 µg/m3
8.30E-03 (µg/m3)-1

7.43E-17 2.06E-07 mg/m3
1.00E-04 mg/m3

2.06E-03

Exp. Route Total 7.01E-10 7.03E-02

Exposure Point Total 3.26E-04 2.31E+01

NA = not applicable RfD = reference dose mg/kg = milligram per kilogram µg/m3 = microgram per cubic meter

FWACC = Former Wolff-Alport Chemical Company RfC= reference concentration mg/kg-day = milligram per kilogram per day mg/m3 = milligram per cubic meter
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Scenario Timeframe:  Future  
Receptor Population:  Resident
Receptor Age:  Lifetime

Intake/ Exposure Concentration Slope Factor/Unit Risk Cancer Intake/ Exposure Concentration RfD/RfC Hazard
Value Unit Value Unit Value Unit Risk Value Unit Value Unit Quotient

Groundwater Groundwater Tap Water Ingestion Volatile Organic Compounds

Chloroform 2.90E+00 µg/L 7.90E-06 mg/kg-day 3.10E-02 (mg/kg-day)-1
2.45E-07 5.57E-05 mg/kg-day 1.00E-02 mg/kg-day 5.57E-03

cis-1,2-Dichloroethene 2.33E+01 µg/L 6.35E-05 mg/kg-day NA NA NA 4.47E-04 mg/kg-day 2.00E-03 mg/kg-day 2.24E-01

Tetrachloroethene 5.48E+02 µg/L 1.49E-03 mg/kg-day 2.10E-03 (mg/kg-day)-1
3.13E-06 1.05E-02 mg/kg-day 6.00E-03 mg/kg-day 1.75E+00

Trichloroethene 5.48E+00 µg/L See Table C-7.3 mg/kg-day 4.60E-02 (mg/kg-day)-1
1.05E-06 1.05E-04 mg/kg-day 5.00E-04 mg/kg-day 2.10E-01

Inorganics

Arsenic 2.50E+00 µg/L 6.81E-06 mg/kg-day 1.50E+00 (mg/kg-day)-1
1.02E-05 4.79E-05 mg/kg-day 3.00E-04 mg/kg-day 1.60E-01

Chromium 9.50E+00 µg/L 1.14E-04 mg/kg-day 5.00E-01 (mg/kg-day)-1
5.70E-05 1.82E-04 mg/kg-day 3.00E-03 mg/kg-day 6.07E-02

Cobalt 2.70E+00 µg/L 7.35E-06 mg/kg-day NA NA NA 5.18E-05 mg/kg-day 3.00E-04 mg/kg-day 1.73E-01

Iron 1.23E+03 µg/L 3.35E-03 mg/kg-day NA NA NA 2.36E-02 mg/kg-day 7.00E-01 mg/kg-day 3.37E-02

Mercury 7.50E-02 µg/L 2.04E-07 mg/kg-day NA NA NA 1.44E-06 mg/kg-day NA NA NA
Selenium 2.29E+01 µg/L 6.23E-05 mg/kg-day NA NA NA 4.39E-04 mg/kg-day 5.00E-03 mg/kg-day 8.78E-02

Exp. Route Total 7.17E-05 2.71E+00

Groundwater Groundwater Tap Water Dermal Volatile Organic Compounds

Contact Chloroform 2.90E+00 µg/L 1.52E-06 mg/kg-day 3.10E-02 (mg/kg-day)-1
4.72E-08 8.86E-06 mg/kg-day 1.00E-02 mg/kg-day 8.86E-04

cis-1,2-Dichloroethene 2.33E+01 µg/L 1.71E-05 mg/kg-day NA NA NA 9.92E-05 mg/kg-day 2.00E-03 mg/kg-day 4.96E-02

Tetrachloroethene 5.48E+02 µg/L 1.90E-03 mg/kg-day 2.10E-03 (mg/kg-day)-1
3.99E-06 1.10E-02 mg/kg-day 6.00E-03 mg/kg-day 1.84E+00

Trichloroethene 5.48E+00 µg/L See Table C-7.3 mg/kg-day 4.60E-02 (mg/kg-day)-1
3.39E-07 3.07E-05 mg/kg-day 5.00E-04 mg/kg-day 6.14E-02

Inorganics

Arsenic 2.50E+00 µg/L 5.62E-11 mg/kg-day 1.50E+00 (mg/kg-day)-1
8.43E-11 3.27E-10 mg/kg-day 3.00E-04 mg/kg-day 1.09E-06

Chromium 9.50E+00 µg/L 8.63E-10 mg/kg-day 5.00E-01 (mg/kg-day)-1
4.32E-10 1.24E-09 mg/kg-day 7.50E-05 mg/kg-day 1.66E-05

Cobalt 2.70E+00 µg/L 2.43E-11 mg/kg-day NA NA NA 1.41E-10 mg/kg-day 3.00E-04 mg/kg-day 4.71E-07

Iron 1.23E+03 µg/L 2.77E-08 mg/kg-day NA NA NA 1.61E-07 mg/kg-day 7.00E-01 mg/kg-day 2.30E-07

Mercury 7.50E-02 µg/L 1.69E-12 mg/kg-day NA NA NA 9.82E-12 mg/kg-day NA NA NA
Selenium 2.29E+01 µg/L 5.15E-10 mg/kg-day NA NA NA 3.00E-09 mg/kg-day 5.00E-03 mg/kg-day 5.99E-07

Exp. Route Total 4.37E-06 1.95E+00

Groundwater Groundwater Tap Water Inhalation Volatile Organic Compounds

Chloroform 2.90E+00 µg/L 1.62E-01 µg/m3
2.30E-05 (µg/m3)-1

3.73E-06 5.35E-04 mg/m3
9.80E-02 mg/m3

5.46E-03

cis-1,2-Dichloroethene 2.33E+01 µg/L 1.34E+00 µg/m3
NA NA NA 4.40E-03 mg/m3

NA NA NA

Tetrachloroethene 5.48E+02 µg/L 2.79E+01 µg/m3
2.60E-07 (µg/m3)-1

7.24E-06 9.18E-02 mg/m3
4.00E-02 mg/m3

2.29E+00
Trichloroethene 5.48E+00 µg/L See Table C-7.3 µg/m3

4.10E-06 (µg/m3)-1
1.46E-07 9.65E-04 mg/m3

2.00E-03 mg/m3
4.82E-01

Exp. Route Total 1.11E-05 2.78E+00

Exposure Point Total 8.71E-05 7.44E+00

NA = not applicable RfD = reference dose mg/kg = milligram per kilogram µg/m3 = microgram per cubic meter

FWACC = Former Wolff-Alport Chemical Company RfC= reference concentration mg/kg-day = milligram per kilogram per day mg/m3 = milligram per cubic meter

Exposure Point 
Concentration

Cancer Risk Calculation Noncancer Hazard Calculation

TABLE C-7.2

CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS

CENTRAL TENDENCY EXPOSURE

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of Potential Concern
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Common Exposure Parameters
Groundwater Concentration (CW) 5.5 µg/L
Exposure Frequency 350 days
Permeability Coefficient 0.0116 cm/hr (Table B-4.8)
Fraction Absorbed Water 1 (Table B-4.8)
Lag time 0.5723119 hr/day (Table B-4.8)
Exposure Time - child 0.27 hr/day (Table B-4.5)
Exposure Time - adult 0.355 hr/day (Table B-4.5)

Ingestion

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13
Unit kg L/day mg/L yr - (mg/kg/d)-1

- - (mg/kg/d)-1 (mg/kg/d)-1
- -

Equation - - CW/1000 -
(C5 / 70 yr x 

EF / 365 days) - -
(C3 x C4 x C6 x 
C7 x C8 / C2) - (C10 − C7) (C3 x C4 x C6 

x C11 / C2) (C9 + C12)

Age group Body 
Weight

Ingestion Rate Exposure 
Concentration

Age Group 
Duration

Duration 
Adjustment

Kidney 
Slope Factor

Kidney 
Cancer 
ADAF

Kidney ADAF-
Adjusted Partial 

Risk

Kidney+NHL+ 
Liver Slope 

Factor

NHL+Liver 
Slope Factor

NHL+Liver 
Partial Risk

Total Partial 
Risk

0 to <2 years 15 0.3 0.005 2 2.7E-02 9.3E-03 10 2.8E-07 4.6E-02 3.7E-02 1.1E-07 3.9E-07
2 to <6 years 15 0.3 0.005 4 5.5E-02 9.3E-03 3 1.7E-07 4.6E-02 3.7E-02 2.2E-07 3.9E-07
16 to <25 years 80 0.7 0.005 9 1.2E-01 9.3E-03 1 5.5E-08 4.6E-02 3.7E-02 2.2E-07 2.7E-07

Total Ingestion Risk 1.0E-06

Dermal Contact

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13
Unit kg cm2/day mg/cm2

yr - (mg/kg/d)-1
- - (mg/kg/d)-1 (mg/kg/d)-1

- -

Equation - - Table B-4.8 -
(C5 / 70 yr x 

EF / 365 days) - -
(C3 x C4 x C6 x 
C7 x C8 / C2) - (C10 − C7) (C3 x C4 x C6 

x C11 / C2) (C9 + C12)

Age group Body 
Weight

Skin Surface 
Area

Dermal 
Absorbed 
(DAevent)

Age Group 
Duration

Duration 
Adjustment

Kidney 
Slope Factor

Kidney 
Cancer 
ADAF

Kidney ADAF-
Adjusted Partial 

Risk

Kidney+NHL+ 
Liver Slope 

Factor

NHL+Liver 
Slope Factor

NHL+Liver 
Partial Risk

Total Partial 
Risk

0 to <2 years 15 6,378 7.5E-08 2 2.7E-02 9.3E-03 10 8.2E-08 4.6E-02 3.7E-02 3.2E-08 1.1E-07
2 to <6 years 15 6,378 7.5E-08 4 5.5E-02 9.3E-03 3 4.9E-08 4.6E-02 3.7E-02 6.4E-08 1.1E-07
16 to <25 years 80 20,900 7.5E-08 9 1.2E-01 9.3E-03 1 2.3E-08 4.6E-02 3.7E-02 8.9E-08 1.1E-07

Total Dermal Risk 3.4E-07

Ridgewood, Queens, New York

TABLE C-7.3

CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS - TRICHLOROETHYLENE

GROUNDWATER FOR FUTURE RESIDENT

CENTRAL TENDENCY EXPOSURE

Former Wolff-Alport Chemical Company Site

Exposure Parameters Cancer Risk Calculations

Exposure Parameters Cancer Risk Calculations
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Ridgewood, Queens, New York

TABLE C-7.3

CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS - TRICHLOROETHYLENE

GROUNDWATER FOR FUTURE RESIDENT

CENTRAL TENDENCY EXPOSURE

Former Wolff-Alport Chemical Company Site

Inhalation of Volatile Chemicals

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13
Unit hr/day μg/m3 μg/m3

yr - (μg/m3)-1
- - (μg/m3)-1 (μg/m3)-1

- -

Equation - Table D-3/D-4 C3 -
(C5 / 70 yr x 
C2 / 24 hrs x 

EF / 365 days)
- -

(C4 x C6 x C7 x 
C8) - (C10 − C7) (C4 x C6 x 

C11) (C9 + C12)

Age group Exposure 
Time

Chemical 
Concentration 

in Air

Exposure 
Concentration

Age Group 
Duration

Duration 
Adjustment

Kidney Unit 
Risk

Kidney 
Cancer 
ADAF

Kidney ADAF-
Adjusted Partial 

Risk

Kidney+NHL+ 
Liver Unit Risk

NHL+Liver Unit 
Risk

NHL+Liver 
Partial Risk

Total Partial 
Risk

0 to <2 years 0.27 8.4E+00 8.4E+00 2 3.1E-04 1.0E-06 10 2.6E-08 4.1E-06 3.1E-06 8.0E-09 3.4E-08
2 to <6 years 0.27 8.4E+00 8.4E+00 4 6.2E-04 1.0E-06 3 1.6E-08 4.1E-06 3.1E-06 1.6E-08 3.2E-08
16 to <25 years 0.355 1.1E+01 1.1E+01 9 1.8E-03 1.0E-06 1 2.0E-08 4.1E-06 3.1E-06 6.1E-08 8.1E-08

Total Inhalation Risk 1.5E-07

ADAF = age-dependent adjustment factors
FWACC = Former Wolff-Alport Chemical Company
Source:
(1) EPA 2011. Toxicological Review of Trichloroethylene (CAS No. 79-01-6) in Support of Summary Information on the Integrated Risk Information System (IRIS). September.

Exposure Parameters Cancer Risk Calculations
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Scenario Timeframe:  Future
Receptor Population:  Industrial Worker
Receptor Age:  Adult

Intake/ Exposure Concentration Slope Factor/Unit Risk Cancer Intake/ Exposure Concentration RfD/RfC Hazard
Value Unit Value Unit Value Unit Risk Value Unit Value Unit Quotient

Soil Soil Site Soil Ingestion Semi-volatile Organic Compounds

 Benzo(a)anthracene 7.89E+00 mg/kg 3.80E-07 mg/kg-day 7.30E-01 (mg/kg-day)-1 2.78E-07 2.96E-06 mg/kg-day NA NA NA

Benzo(a)pyrene 6.20E+00 mg/kg 2.99E-07 mg/kg-day 7.30E+00 (mg/kg-day)-1 2.18E-06 2.33E-06 mg/kg-day NA NA NA

Benzo(b)fluoranthene 7.85E+00 mg/kg 3.78E-07 mg/kg-day 7.30E-01 (mg/kg-day)-1 2.76E-07 2.94E-06 mg/kg-day NA NA NA

Benzo(k)fluoranthene 4.00E+00 mg/kg 1.93E-07 mg/kg-day 7.30E-02 (mg/kg-day)-1 1.41E-08 1.50E-06 mg/kg-day NA NA NA

Indeno(1,2,3-cd)pyrene 9.47E-01 mg/kg 4.57E-08 mg/kg-day 7.30E-01 (mg/kg-day)-1 3.33E-08 3.55E-07 mg/kg-day NA NA NA

Pesticides/Polychlorinated Biphenyls

4,4'-DDT 4.89E+00 mg/kg 2.36E-07 mg/kg-day 3.40E-01 (mg/kg-day)-1 8.01E-08 1.83E-06 mg/kg-day 5.00E-04 mg/kg-day 3.67E-03

Aroclor 1260 5.80E+01 mg/kg 2.80E-06 mg/kg-day 2.00E+00 (mg/kg-day)-1 5.60E-06 2.18E-05 mg/kg-day 2.00E-05 mg/kg-day 1.09E+00

Dieldrin 6.20E-01 mg/kg 2.99E-08 mg/kg-day 1.60E+01 (mg/kg-day)-1 4.78E-07 2.33E-07 mg/kg-day 5.00E-05 mg/kg-day 4.65E-03

Inorganics

Aluminum 8.69E+03 mg/kg 4.19E-04 mg/kg-day NA NA NA 3.26E-03 mg/kg-day 1.00E+00 mg/kg-day 3.26E-03

Arsenic 1.31E+01 mg/kg 6.33E-07 mg/kg-day 1.50E+00 (mg/kg-day)-1 9.49E-07 4.92E-06 mg/kg-day 3.00E-04 mg/kg-day 1.64E-02

Chromium 1.69E+01 mg/kg 8.12E-07 mg/kg-day 5.00E-01 (mg/kg-day)-1 4.06E-07 6.32E-06 mg/kg-day 3.00E-03 mg/kg-day 2.11E-03

Cobalt 5.54E+00 mg/kg 2.67E-07 mg/kg-day NA NA NA 2.08E-06 mg/kg-day 3.00E-04 mg/kg-day 6.92E-03

Iron 1.63E+04 mg/kg 7.84E-04 mg/kg-day NA NA NA 6.10E-03 mg/kg-day 7.00E-01 mg/kg-day 8.71E-03

Lead 1.65E+02 mg/kg 7.95E-06 mg/kg-day NA NA NA 6.18E-05 mg/kg-day NA NA NA

Manganese 2.51E+02 mg/kg 1.21E-05 mg/kg-day NA NA NA 9.39E-05 mg/kg-day 1.40E-01 mg/kg-day 6.71E-04

Mercury 6.38E+01 mg/kg 3.07E-06 mg/kg-day NA NA NA 2.39E-05 mg/kg-day NA NA NA

Selenium 6.44E+02 mg/kg 3.11E-05 mg/kg-day NA NA NA 2.42E-04 mg/kg-day 5.00E-03 mg/kg-day 4.83E-02
Vanadium 2.70E+01 mg/kg 1.30E-06 mg/kg-day NA NA NA 1.01E-05 mg/kg-day 5.00E-03 mg/kg-day 2.03E-03

Exp. Route Total 1.03E-05 1.19E+00

Soil Soil Site Soil Dermal Semi-volatile Organic Compounds

Contact Benzo(a)anthracene 7.89E+00 mg/kg 1.03E-06 mg/kg-day 7.30E-01 (mg/kg-day)-1 7.52E-07 8.01E-06 mg/kg-day NA NA NA

Benzo(a)pyrene 6.20E+00 mg/kg 8.09E-07 mg/kg-day 7.30E+00 (mg/kg-day)-1 5.91E-06 6.29E-06 mg/kg-day NA NA NA

Benzo(b)fluoranthene 7.85E+00 mg/kg 1.02E-06 mg/kg-day 7.30E-01 (mg/kg-day)-1 7.48E-07 7.97E-06 mg/kg-day NA NA NA

Benzo(k)fluoranthene 4.00E+00 mg/kg 5.22E-07 mg/kg-day 7.30E-02 (mg/kg-day)-1 3.81E-08 4.06E-06 mg/kg-day NA NA NA

Indeno(1,2,3-cd)pyrene 9.47E-01 mg/kg 1.24E-07 mg/kg-day 7.30E-01 (mg/kg-day)-1 9.02E-08 9.61E-07 mg/kg-day NA NA NA

Pesticides/Polychlorinated Biphenyls

4,4'-DDT 4.89E+00 mg/kg 1.47E-07 mg/kg-day 3.40E-01 (mg/kg-day)-1 5.00E-08 1.14E-06 mg/kg-day 5.00E-04 mg/kg-day 2.29E-03

Aroclor 1260 5.80E+01 mg/kg 8.16E-06 mg/kg-day 2.00E+00 (mg/kg-day)-1 1.63E-05 6.34E-05 mg/kg-day 2.00E-05 mg/kg-day 3.17E+00

Dieldrin 6.20E-01 mg/kg NA NA 1.60E+01 (mg/kg-day)-1 NA NA NA 5.00E-05 mg/kg-day NA

Inorganics

Aluminum 8.69E+03 mg/kg NA NA NA NA NA NA NA 1.00E+00 mg/kg-day NA

Arsenic 1.31E+01 mg/kg 3.95E-07 mg/kg-day 1.50E+00 (mg/kg-day)-1 5.93E-07 3.07E-06 mg/kg-day 3.00E-04 mg/kg-day 1.02E-02

Chromium 1.69E+01 mg/kg NA NA 5.00E-01 (mg/kg-day)-1 NA NA NA 7.50E-05 mg/kg-day NA

Cobalt 5.54E+00 mg/kg NA NA NA NA NA NA NA 3.00E-04 mg/kg-day NA

Iron 1.63E+04 mg/kg NA NA NA NA NA NA NA 7.00E-01 mg/kg-day NA

Lead 1.65E+02 mg/kg NA NA NA NA NA NA NA NA NA NA

Manganese 2.51E+02 mg/kg NA NA NA NA NA NA NA 5.60E-03 mg/kg-day NA

Mercury 6.38E+01 mg/kg NA NA NA NA NA NA NA NA NA NA

Selenium 6.44E+02 mg/kg NA NA NA NA NA NA NA 5.00E-03 mg/kg-day NA
Vanadium 2.70E+01 mg/kg NA NA NA NA NA NA NA 5.00E-03 mg/kg-day NA

Exp. Route Total 2.45E-05 3.18E+00

Exposure Point 
Concentration

Cancer Risk Calculation Noncancer Hazard Calculation

TABLE C-7.4

CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS

CENTRAL TENDENCY EXPOSURE

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of Potential Concern
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Scenario Timeframe:  Future
Receptor Population:  Industrial Worker
Receptor Age:  Adult

Intake/ Exposure Concentration Slope Factor/Unit Risk Cancer Intake/ Exposure Concentration RfD/RfC Hazard
Value Unit Value Unit Value Unit Risk Value Unit Value Unit Quotient

Exposure Point 
Concentration

Cancer Risk Calculation Noncancer Hazard Calculation

TABLE C-7.4

CALCULATION OF CHEMICAL CANCER RISKS AND NONCANCER HAZARDS

CENTRAL TENDENCY EXPOSURE

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Exposure 
Route

Chemical of Potential Concern

Soil Soil Site Soil Inhalation Semi-volatile Organic Compounds

Benzo(a)anthracene 7.89E+00 mg/kg 4.39E-07 µg/m3 1.10E-04 (µg/m3)-1 4.83E-11 3.41E-09 mg/m3 NA NA NA

Benzo(a)pyrene 6.20E+00 mg/kg 1.11E-07 µg/m3 1.10E-03 (µg/m3)-1 1.23E-10 8.66E-10 mg/m3 NA NA NA

Benzo(b)fluoranthene 7.85E+00 mg/kg 1.41E-07 µg/m3 1.10E-04 (µg/m3)-1 1.55E-11 1.10E-09 mg/m3 NA NA NA

Benzo(k)fluoranthene 4.00E+00 mg/kg 7.18E-08 µg/m3 1.10E-04 (µg/m3)-1 7.90E-12 5.59E-10 mg/m3 NA NA NA

Indeno(1,2,3-cd)pyrene 9.47E-01 mg/kg 1.70E-08 µg/m3 1.10E-04 (µg/m3)-1 1.87E-12 1.32E-10 mg/m3 NA NA NA

Pesticides/Polychlorinated Biphenyls

4,4'-DDT 4.89E+00 mg/kg 8.78E-08 µg/m3 9.70E-05 (µg/m3)-1 8.52E-12 6.83E-10 mg/m3 NA NA NA

Aroclor 1260 5.80E+01 mg/kg 6.08E-06 µg/m3 5.70E-04 (µg/m3)-1 3.46E-09 4.73E-08 mg/m3 NA NA NA

Dieldrin 6.20E-01 mg/kg 1.11E-08 µg/m3 4.60E-03 (µg/m3)-1 5.13E-11 8.67E-11 mg/m3 NA NA NA

Inorganics

Aluminum 8.69E+03 mg/kg 1.56E-04 µg/m3 NA NA NA 1.21E-06 mg/m3 5.00E-03 mg/m3 2.43E-04

Arsenic 1.31E+01 mg/kg 2.36E-07 µg/m3 4.30E-03 (µg/m3)-1 1.01E-09 1.83E-09 mg/m3 1.50E-05 mg/m3 1.22E-04

Chromium 1.69E+01 mg/kg 3.03E-07 µg/m3 8.40E-04 (µg/m3)-1 2.54E-10 2.35E-09 mg/m3 1.00E-04 mg/m3 2.35E-05

Cobalt 5.54E+00 mg/kg 9.94E-08 µg/m3 9.00E-03 (µg/m3)-1 8.95E-10 7.73E-10 mg/m3 6.00E-06 mg/m3 1.29E-04

Iron 1.63E+04 mg/kg 2.92E-04 µg/m3 NA NA NA 2.27E-06 mg/m3 NA NA NA

Lead 1.65E+02 mg/kg 2.96E-06 µg/m3 NA NA NA 2.30E-08 mg/m3 NA NA NA

Manganese 2.51E+02 mg/kg 4.50E-06 µg/m3 NA NA NA 3.50E-08 mg/m3 5.00E-05 mg/m3 7.00E-04

Mercury 6.38E+01 mg/kg 1.15E-06 µg/m3 NA NA NA 8.91E-09 mg/m3 3.00E-04 mg/m3 2.97E-05

Selenium 6.44E+02 mg/kg 1.16E-05 µg/m3 NA NA NA 9.00E-08 mg/m3 2.00E-02 mg/m3 4.50E-06
Vanadium 2.70E+01 mg/kg 4.85E-07 µg/m3

8.30E-03 (µg/m3)-1
4.03E-09 3.77E-09 mg/m3

1.00E-04 mg/m3
3.77E-05

Exp. Route Total 9.91E-09 1.29E-03

Exposure Point Total 3.48E-05 4.E+00

NA = not applicable RfD = reference dose mg/kg = milligram per kilogram µg/m3 = microgram per cubic meter

FWACC = Former Wolff-Alport Chemical Company RfC= reference concentration mg/kg-day = milligram per kilogram per day mg/m3 = milligram per cubic meter
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Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Lifetime

Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Contact Routes Total Target Organ(s) Contact Routes Total

Soil Surface Soil Surface Soil Semi-volatile Organic Compounds  
Benzo(a)anthracene 2E-05 2E-06 7E-10 2E-05 NA NA NA NA NA
Benzo(a)pyrene 1E-04 2E-05 6E-18 2E-04 NA NA NA NA NA
Benzo(b)fluoranthene 2E-05 2E-06 8E-19 2E-05 NA NA NA NA NA
Benzo(k)fluoranthene 9E-07 1E-07 4E-19 1E-06 NA NA NA NA NA
Indeno(1,2,3-cd)pyrene 2E-06 3E-07 9E-20 2E-06 NA NA NA NA NA
Pesticides/Polychlorinated Biphenyls
4,4'-DDT 1E-06 3E-08 2E-19 1E-06 Liver 6E-02 2E-03 NA 6E-02
Aroclor 1260 7E-05 1E-05 6E-17 8E-05 Eye / Finger Nail / Immune System 2E+01 3E+00 NA 2E+01
Dieldrin 6E-06 NA 9E-19 6E-06 Liver 8E-02 NA NA 8E-02
Inorganics  
Aluminum NA NA NA NA Neurological 6E-02 NA 1E-02 7E-02

Arsenic 1E-05 4E-07 2E-17 1E-05
Developmental / Cardiovascular System / 

CNS  / Lung / Skin
3E-01 9E-03 7E-03 3E-01

Chromium 3E-05 NA 1E-17 3E-05 Lung 4E-02 NA 1E-03 4E-02
Cobalt NA NA 2E-17 2E-17 Thyroid /Respiratory System/Lung 1E-01 NA 7E-03 1E-01
Iron NA NA NA NA GI Tract 1E-01 NA NA 1E-01
Lead NA NA NA NA Developmental NA NA NA NA
Manganese NA NA NA NA CNS 1E-02 NA 4E-02 5E-02
Mercury NA NA NA NA Immune System / Nervous System NA NA 2E-03 2E-03
Selenium NA NA NA NA  Nervous System / Blood /Skin 8E-01 NA 2E-04 8E-01
Vanadium NA NA 7E-17 7E-17 Kidney / Respiratory System 3E-02 NA 2E-03 4E-02
Chemical Total 3E-04 4E-05 7E-10 3E-04 Chemical Total 2E+01 3E+00 7E-02 2E+01

3E-04 2E+01

3E-04 2E+01

3E-04 2E+01

Groundwater Groundwater Tap Water Volatile Organic Compounds  
Chloroform 2E-07 5E-08 4E-06 4E-06 Liver 6E-03 9E-04 5E-03 1E-02
cis-1,2-Dichloroethene NA NA NA NA Kidney 2E-01 5E-02 NA 3E-01
Tetrachloroethene 3E-06 4E-06 7E-06 1E-05 Liver 2E+00 2E+00 2E+00 6E+00
Trichloroethene 1E-06 3E-07 1E-07 2E-06 Heart / Immune System  / Developmental / 

Kidney / Heart / Immunological
2E-01 6E-02 5E-01 8E-01

Inorganics  

Arsenic 1E-05 8E-11 NA 1E-05
Developmental / Cardiovascular System / 

CNS  / Lung / Skin
2E-01 1E-06 NA 2E-01

Chromium 6E-05 4E-10 NA 6E-05 Lung 6E-02 2E-05 NA 6E-02
Cobalt NA NA NA NA Thyroid /Respiratory System/Lung 2E-01 5E-07 NA 2E-01
Iron NA NA NA NA GI Tract 3E-02 2E-07 NA 3E-02
Mercury NA NA NA NA Immune System / Nervous System NA NA NA NA
Selenium NA NA NA NA  Nervous System / Blood /Skin 9E-02 6E-07 NA 9E-02
Chemical Total 7E-05 4E-06 1E-05 9E-05 Chemical Total 3E+00 2E+00 3E+00 7E+00

9E-05 7E+00

9E-05 7E+00

9E-05 7E+00

TABLE C-9.1

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Medium Total

Noncancer Hazard Quotient

Exposure Point Total

Exposure Medium Total

Medium Total

Exposure Point Total

Exposure Medium Total

Medium
Exposure 
Medium

Exposure 
Point

Chemical of Potential Concern

Cancer Risk
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Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Lifetime

Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Contact Routes Total Target Organ(s) Contact Routes Total

TABLE C-9.1

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Noncancer Hazard Quotient

Medium
Exposure 
Medium

Exposure 
Point

Chemical of Potential Concern

Cancer Risk

Receptor Total  4E-04  31

Total Excess Cancer Risk Across All Media 4E-04 Total Hazard Index  Across All Media 31

Total Hazard Index By Target Organ 

Blood HI Across All Media = 0.9

Cardiovascular System HI Across All Media = 0.5

NA = not applicable CNS = central nervous system CNS HI Across All Media = 0.5

FWACC = Former Wolff-Alport Chemical Company GI = gastrointestinal Development HI Across All Media = 1

Eye HI Across All Media = 21

Finger Nail HI Across All Media = 21

GI Tract HI Across All Media = 0.2

Immune system HI Across All Media = 22

Kidney HI Across All Media = 1

Liver HI Across All Media = 6

Lung HI Across All Media = 0.9

Nervous System HI Across All Media = 0.9

Neurological HI Across All Media = 0.1

Respiratory HI Across All Media = 0.3

Skin HI Across All Media = 1

Thyroid HI Across All Media = 0.3
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Scenario Timeframe:  Future

Receptor Population:  Industrial Worker

Receptor Age:  Adult

Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Contact Routes Total Target Organ(s) Contact Routes Total

Surface Soil Surface  Soil Site Soil Semi-volatile Organic Compounds  
Benzo(a)anthracene 3E-07 8E-07 5E-11 1E-06 NA NA NA NA NA
Benzo(a)pyrene 2E-06 6E-06 1E-10 8E-06 NA NA NA NA NA
Benzo(b)fluoranthene 3E-07 7E-07 2E-11 1E-06 NA NA NA NA NA
Benzo(k)fluoranthene 1E-08 4E-08 8E-12 5E-08 NA NA NA NA NA
Indeno(1,2,3-cd)pyrene 3E-08 9E-08 2E-12 1E-07 NA NA NA NA NA
Pesticides/Polychlorinated Biphenyls
4,4'-DDT 8E-08 5E-08 9E-12 1E-07 Liver 4E-03 2E-03 NA 6E-03
Aroclor 1260 6E-06 2E-05 3E-09 2E-05 Eye / Finger Nail / Immune System 1E+00 3E+00 NA 4E+00
Dieldrin 5E-07 NA 5E-11 5E-07 Liver 5E-03 NA NA 5E-03
Inorganics  
Aluminum NA NA NA NA Neurological 3E-03 NA 2E-04 4E-03

Arsenic 9E-07 6E-07 1E-09 2E-06
Developmental / Cardiovascular System / 

CNS  / Lung / Skin
2E-02 1E-02 1E-04 3E-02

Chromium 4E-07 NA 3E-10 4E-07 Lung 2E-03 NA 2E-05 2E-03
Cobalt NA NA 9E-10 9E-10 Thyroid /Respiratory System/Lung 7E-03 NA 1E-04 7E-03
Iron NA NA NA NA GI Tract 9E-03 NA NA 9E-03
Lead NA NA NA NA NA NA NA NA NA
Manganese NA NA NA NA CNS 7E-04 NA 7E-04 1E-03
Mercury NA NA NA NA Immune System / Nervous System NA NA 3E-05 3E-05
Selenium NA NA NA NA  Nervous System / Blood /Skin 5E-02 NA 4E-06 5E-02
Vanadium NA NA 4E-09 4E-09 Kidney / Respiratory System 2E-03 NA 4E-05 2E-03
Chemical Total 1E-05 2E-05 1E-08 3E-05 Chemical Total 1E+00 3E+00 1E-03 4E+00

3E-05 4E+00

3E-05 4E+00

3E-05 4E+00

Receptor Total  3E-05  4E+00

Total Excess Cancer Risk Across All Media 3E-05 Total Hazard Index  Across All Media 4

Total Hazard Index By Target Organ 

Liver HI Across All Media = 0.01

Kidney HI Across All Media = <0.01

CNS HI Across All Media = 0.03

Development HI Across All Media = 0.03

Respiratory HI Across All Media = <0.01

Lung HI Across All Media = 0.04

Eye HI Across All Media = 4

Cardiovascular System HI Across All Media = 0.03

Skin HI Across All Media = 0.08

Immune system HI Across All Media = 4

Thyroid HI Across All Media = <0.01

GI Tract HI Across All Media = <0.01

NA = not applicable CNS = central nervous system Finger Nail HI Across All Media = 4

FWACC = Former Wolff-Alport Chemical Company GI = gastrointestinal Neurological HI Across All Media = <0.01

Nervous System HI Across All Media = 0.05

Noncancer Hazard Quotient

Exposure Point Total

Exposure Medium Total

Medium Total

TABLE C-9.2

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE 

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Chemical of Potential Concern

Cancer Risk

Page 1 of 1



Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Lifetime

Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Contact Routes Total Target Organ(s) Contact Routes Total

Soil Surface Soil Surface Soil Semi-volatile Organic Compounds  
   Benzo(a)anthracene 2E-05 2E-06 7E-10 2E-05 NA NA NA NA NA

Benzo(a)pyrene 1E-04 2E-05 6E-18 2E-04 NA NA NA NA NA
Benzo(b)fluoranthene 2E-05 2E-06 8E-19 2E-05 NA NA NA NA NA
Indeno(1,2,3-cd)pyrene 2E-06 3E-07 9E-20 2E-06 NA NA NA NA NA
Pesticides/Polychlorinated Biphenyls
4,4'-DDT 1E-06 3E-08 2E-19 1E-06 Liver 6E-02 2E-03 NA 6E-02
Aroclor 1260 7E-05 1E-05 6E-17 8E-05 Eye / Finger Nail / Immune System 2E+01 3E+00 NA 2E+01
Dieldrin 6E-06 NA 9E-19 6E-06 Liver 8E-02 NA NA 8E-02
Inorganics  

Arsenic 1E-05 4E-07 2E-17 1E-05
Developmental / Cardiovascular System / 

CNS  / Lung / Skin
3E-01 9E-03 7E-03 3E-01

Chromium 3E-05 NA 1E-17 3E-05 Lung 4E-02 NA 1E-03 4E-02
Chemical Total 3E-04 4E-05 7E-10 3E-04 Chemical Total 2E+01 3E+00 7E-02 2E+01

3E-04 2E+01

3E-04 2E+01

3E-04 2E+01

Groundwater Groundwater Tap Water Volatile Organic Compounds  
Chloroform 2E-07 5E-08 4E-06 4E-06 Liver 6E-03 9E-04 5E-03 1E-02
Tetrachloroethene 3E-06 4E-06 7E-06 1E-05 Liver 2E+00 2E+00 2E+00 6E+00
Trichloroethene 1E-06 3E-07 1E-07 2E-06 Heart / Immune System  / Developmental / 

Kidney / Heart / Immunological
2E-01 6E-02 5E-01 8E-01

Inorganics  

Arsenic 1E-05 8E-11 NA 1E-05
Developmental / Cardiovascular System / 

CNS  / Lung / Skin
2E-01 1E-06 NA 2E-01

Chromium 6E-05 4E-10 NA 6E-05 Lung 6E-02 2E-05 NA 6E-02
Chemical Total 7E-05 4E-06 1E-05 9E-05 Chemical Total 3E+00 2E+00 3E+00 7E+00

9E-05 7E+00

9E-05 7E+00

9E-05 7E+00

Receptor Total  4E-04  31

Total Excess Cancer Risk Across All Media 4E-04 Total Hazard Index  Across All Media 31

Note Total Hazard Index By Target Organ 

Only chemicals above EPA's threshold values are listed in this table NA = not applicable Development HI Across All Media = 1

Eye HI Across All Media = 21

Finger Nail HI Across All Media = 21

Immune system HI Across All Media = 22

Kidney HI Across All Media = 1

Liver HI Across All Media = 6

Skin HI Across All Media = 1

TABLE B-10.1

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Medium Total

Noncancer Hazard Quotient

Exposure Point Total

Exposure Medium Total

Medium Total

Exposure Point Total

Exposure Medium Total

Medium
Exposure 
Medium

Exposure 
Point

Chemical of Potential Concern

Cancer Risk

Page 1 of 1



Scenario Timeframe:  Future

Receptor Population:  Industrial Worker

Receptor Age:  Adult

Ingestion Dermal Inhalation Exposure Primary Ingestion Dermal Inhalation Exposure 

Contact Routes Total Target Organ(s) Contact Routes Total

Semi-volatile Organic Compounds  
Soil Soil Surface Benzo(a)anthracene 3E-07 8E-07 5E-11 1E-06 NA NA NA NA NA

 Soil Benzo(a)pyrene 2E-06 6E-06 1E-10 8E-06 NA NA NA NA NA
Benzo(b)fluoranthene 3E-07 7E-07 2E-11 1E-06 NA NA NA NA NA
Pesticides/Polychlorinated Biphenyls
Aroclor 1260 6E-06 2E-05 3E-09 2E-05 Eye / Finger Nail / Immune System 1E+00 3E+00 NA 4E+00
Inorganics  

Arsenic 9E-07 6E-07 1E-09 2E-06
Developmental / Cardiovascular System / 

CNS  / Lung / Skin
2E-02 1E-02 1E-04 3E-02

Chemical Total 1E-05 2E-05 1E-08 3E-05 Chemical Total 1E+00 3E+00 1E-03 4E+00
3E-05 4E+00

3E-05 4E+00

3E-05 4E+00

Receptor Total  3E-05  4E+00

Total Excess Cancer Risk Across All Media 3E-05 Total Hazard Index  Across All Media 4

Total Hazard Index By Target Organ 

Note: Eye HI Across All Media = 4

Only chemicals above EPA's threshold values are listed in this table Immune system HI Across All Media = 4

NA = not applicable Finger Nail HI Across All Media = 4

Noncancer Hazard Quotient

Exposure Point Total

Exposure Medium Total

Medium Total

TABLE C-10.2

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURE 

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, New York

Medium
Exposure 
Medium

Exposure 
Point

Chemical of Potential Concern

Cancer Risk

Page 1 of 1



Appendix D
Shower Scenario



Appendix D Contents

Former Wolff‐Alport Chemical Company Site

Ridgewood, Queens, County, New York

D‐1 VALUES USED FOR SHOWER MODEL, ADULT

D‐2 VALUES USED FOR SHOWER MODEL, CHILD

D‐3 MEDIUM‐SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY, ADULT

D‐4 MEDIUM‐SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY, CHILD



TABLE D-1
VALUES USED FOR SHOWER MODEL

Former Wolff-Alport Chemical Company Site
Ridgewood, Queens, County, New York

Scenario Timeframe:  Future
Medium:   Groundwater
Exposure Medium: Air
Receptor Population:  Resident 
Receptor Age: Adult

Value Reference Value Reference

Inhalation CW Chemical Concentration in Water µg/L Table B-3.3 Table B-3.3 Table B-3.3 Table B-3.3 Maximum air concentration in bathroom

f Fraction volatilized -- chem-specific Schaum et al. (1)
chem-specific Schaum et al. (1)

(CaMax) (µg/m3) =

Fw Flow Rate L/hr 1000 Schaum et al. 500 Schaum et al. CW x f x Fw x t1 x 1/Va

t1 Time of shower (2)
hr 0.31 EPA 2004 0.15 EPA 2004

Va Bathroom volume m3
6 Schaum et al. 16 Schaum et al. EPC (µg/m3) = 

t2 Time after shower in bathroom (2)
hr 0.4 EPA 2004 0.2 EPA 2004 (((CaMax/2) x t1) + (CaMax x t2)) / (t1 + t2)

EPC = Exposure Point Concentration, the average air concentration in the bathroom during and after shower
µg = microgram
L = liter
hr = hour
m = meter
Note:
(1) applies only to volatile chemicals
(2) Total time is 0.71 hour
Sources:

Intake Equation/ Model Name
Reasonable Maximum Exposure Central Tendency ExposureExposure 

Route
Parameter 

Code
Parameter Definition Unit

Page 1 of 1 3/28/2017



TABLE D-2

VALUES USED FOR SHOWER MODEL

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, County, New York

Scenario Timeframe:  Current/Future
Medium:   Groundwater or Surface Water
Exposure Medium: Air
Receptor Population:  Resident
Receptor Age: Child (0-6 years)

Value Reference Value Reference

Inhalation CW Chemical Concentration in Water µg/L Table B-3.3 Table B-3.3 Table B-3.3 Table B-3.3 Maximum air concentration in bathroom

f Fraction volatilized -- chem-specific Schaum et al. (1)
chem-specific Schaum et al. (1)

(CaMax) (µg/m3) =

Fw Flow Rate L/hr 1000 Schaum et al. 500 Schaum et al. CW x f x Fw x t1 x 1/Va

t1 Time of shower (2)
hr 0.24 EPA 2004 0.12 EPA 2004

Va Bathroom volume m3
6 Schaum et al. 16 Schaum et al. EPC (µg/m3) = 

t2 Time after shower in bathroom (2)
hr 0.30 EPA 2004 0.15 EPA 2004 (((CaMax/2) x t1) + (CaMax x t2)) / (t1 + t2)

EPC = Exposure Point Concentration, the average air concentration in the bathroom during and after shower
µg = microgram
L = liter
hr = hour
m = meter
Note:
(1) applies only to volatile chemicals
(2) total time is 0.54 hour
Sources:
  EPA 2014. Human Health Evaluation Manual, Supplemental Guidance: Update of Standard Default Exposure Factors. OSWER Directive 9200.1-120. February 6.

Intake Equation/ Model Name
Exposure 

Route
Parameter 

Code
Parameter Definition Unit

Reasonable Maximum Exposure Central Tendency Exposure

Page 1 of 1 3/28/2017



TABLE D-3

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, County, New York

Scenario Timeframe: Current/Future
Medium:   Groundwater
Exposure Medium: Air
Receptor Population: Resident
Receptor Age: Adult

CaMax Air EPC CaMax Air EPC

(µg/m3) (µg/m3) (µg/m3) (µg/m3)

Water Vapor at Volatile Organic Compounds

67-66-3 Chloroform 2.9E+00 5.5E-01 8.1E+01 6.4E+01 7.6E+00 6.0E+00
Showerhead 156-59-2 cis-1,2-Dichloroethene 2.3E+01 5.6E-01 6.7E+02 5.3E+02 6.3E+01 4.9E+01

127-18-4 Tetrachloroethene 5.5E+02 5.0E-01 1.4E+04 1.1E+04 1.3E+03 1.0E+03
79-01-6 Trichloroethene 5.5E+00 5.3E-01 1.5E+02 1.2E+02 1.4E+01 1.1E+01

EPC = Exposure Point Concentration, the average air concentration in the bathroom during and after shower

µg/L = microgram per liter

µg/m3 = microgram per cubic meter

Central Tendency 
Exposure

Exposure Point CAS No. Chemical of Potential Concern

Groundwater 
Exposure 

Point 
Concentration 

(EPC)
(µg/L)

Fraction 
Volatilized

Reasonable Maximum 
Exposure

Page 1 of 1 3/28/2017



TABLE D-4

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, County, New York

Scenario Timeframe:  Current/Future
Medium:   Groundwater
Exposure Medium: Air
Receptor Population: Resident
Receptor Age: Child (0-6 years)

CaMax Air EPC CaMax Air EPC

(µg/m3) (µg/m3) (µg/m3) (µg/m3)

Water Vapor at Volatile Organic Compounds

67-66-3 Chloroform 2.9E+00 5.5E-01 6.4E+01 5.0E+01 6.0E+00 4.6E+00
Showerhead 156-59-2 cis-1,2-Dichloroethene 2.3E+01 5.6E-01 5.3E+02 4.1E+02 4.9E+01 3.8E+01

127-18-4 Tetrachloroethene 5.5E+02 5.0E-01 1.1E+04 8.5E+03 1.0E+03 8.0E+02
79-01-6 Trichloroethene 5.5E+00 5.3E-01 1.2E+02 8.9E+01 1.1E+01 8.4E+00

EPC = Exposure Point Concentration, the average air concentration in the bathroom during and after shower

µg/L = microgram per liter

µg/m3 = microgram per cubic meter

Central Tendency 
Exposure

Exposure Point CAS No. Chemical of Potential Concern

Groundwater 
Exposure Point 
Concentration 

(EPC)
(µg/L)

Fraction 
Volatilized

Reasonable Maximum 
Exposure

Page 1 of 1 3/28/2017



Appendix E
Vapor Intrusion Assessment



TABLE E-1

SUMMARY OF THE COMPARISON OF GROUNDWATER CONCENTRATIONS TO VAPOR INTRUSION SCREENING LEVELS

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, County, New York

COPC Unit Target Is Maximum EPC

Groundwater Concentration VI Cancer VI Noncancer VI Cancer VI Noncancer 

Concentration Greater than VISL? Risk Hazard Risk Hazard

Chloroform µg/L 3.5 J 0.81 Yes 2.903 3.60E-06 4.30E-03 8.20E-07 1.00E-03

cis-1,2-Dichloroethene µg/L 25  NA NA 23.32 NA NA NA NA

Tetrachloroethene µg/L 930  15 Yes 548.2 3.70E-05 9.5 8.40E-06 2.3

Trichloroethene µg/L 7.7 J 1.2 Yes 5.477 4.60E-06 1.1 7.40E-07 0.25

EPC = Exposure Point Concentration

NA= Not available

VI = Vapor Intrusion

VISL = Vapor Intrusion Screening Level 

Maximum 
Concentration

(Qualifier)

Residential Scenario Commercial  Scenario 



Appendix F
RESRAD Model Output
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C:\USERS\MARCUMTR\DOCUMENTS\_WACC-RESRAD\3-1-17\HHRA\INDOOR WORKER\FWACC-INDOOR WORKER.RAD  03/06/2017  18:06  GRAPHICS.ASC  Includes All Pathways

DOSE: All Nuclides Summed, All Pathways Summed
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0

20

40

60

80

100

120

140

160

1 10 100 1000

Years

K-40   

Pb-210 

Ra-226 

Ra-228 

Th-228 

Th-230 

Th-232 

U-234  

U-235  

U-236  

U-238  

Total

C:\USERS\MARCUMTR\DOCUMENTS\_WACC-RESRAD\3-1-17\HHRA\INDOOR WORKER\FWACC-INDOOR WORKER-RADON.RAD  03/06/2017  18:20  GRAPHICS.ASC  Includes All
Pathways

DOSE: All Nuclides Summed, All Pathways Summed



0.00E+01

5.00E-04

1.00E-03

1.50E-03

2.00E-03

2.50E-03

3.00E-03

3.50E-03

1 10 100 1000

Years

K-40   

Pb-210 

Ra-226 

Ra-228 

Th-228 

Th-230 

Th-232 

U-234  

U-235  

U-236  

U-238  

Total

C:\USERS\MARCUMTR\DOCUMENTS\_WACC-RESRAD\3-1-17\HHRA\INDOOR WORKER\FWACC-INDOOR WORKER-RADON.RAD  03/06/2017  18:20  GRAPHICS.ASC  Includes All
Pathways
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0.00E+01

5.00E-04

1.00E-03

1.50E-03

2.00E-03

2.50E-03

3.00E-03

1 10 100 1000

Years

K-40   

Pb-210 

Ra-226 

Ra-228 

Th-228 

Th-230 

Th-232 

U-234  

U-235  

U-236  

U-238  

Total
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GRAPHICS.ASC  Includes All Pathways

DOSE: All Nuclides Summed, All Pathways Summed
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GRAPHICS.ASC  Includes All Pathways

EXCESS CANCER RISK: All Nuclides Summed, All Pathways Summed
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Includes All Pathways
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Pathways

EXCESS CANCER RISK: All Nuclides Summed, All Pathways Summed
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Includes All Pathways

DOSE: All Nuclides Summed, All Pathways Summed
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Includes All Pathways

EXCESS CANCER RISK: All Nuclides Summed, All Pathways Summed
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DOSE: All Nuclides Summed, All Pathways Summed
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EXCESS CANCER RISK: All Nuclides Summed, All Pathways Summed
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DOSE: All Nuclides Summed, All Pathways Summed
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EXCESS CANCER RISK: All Nuclides Summed, All Pathways Summed



 

 
 

Appendix G 

PRG Calculator Output



Site-Specific
Indoor Worker Equation Inputs for Soil
 
 

Variable Value

Site area for ACF (area correction factor) m2 5000

Cover layer thickness for GSFb (gamma shielding factor) cm 10

TR (target cancer risk) unitless 0.000001

tiw (time - indoor worker) yr 25

EFiw (exposure frequency - indoor worker) day/yr 250

EDiw (exposure duration - indoor worker) yr 25

IRSiw (soil intake rate - indoor worker) mg/day 50

IRAiw (inhalation rate - indoor worker) m3/day 60

ETiw (exposure time - indoor worker) hr/day 8

GSFi (indoor gamma shielding factor) unitless 0.4

City (Climate Zone) 20

As (acres) 0.75

Q/Cwp (g/m2-s per kg/m3) 81.2706914

PEF (particulate emission factor) m3/kg 317786088

A (PEF Dispersion Constant) 14.0111

B (PEF Dispersion Constant) 19.6154

C (PEF Dispersion Constant) 225.3397

V  (fraction of vegetative cover) unitless 0.5

Um  (mean annual wind speed) m/s 5.4

Ut  (equivalent threshold value) 11.32

F(x) (function dependant on Um/Ut) unitless 0.47118024

Output generated   10MAR2017:15:05:07



Site-Specific
Indoor Worker PRGs for Soil

Isotope

Ingestion
PRG

(pCi/g)

Inhalation
PRG

(pCi/g)

External
Exposure

PRG
(pCi/g)

Total
PRG

(pCi/g)

*Secular Equilibrium PRG for Ra-226 1.37E+00 4.30E+01 1.90E-01 1.66E-01
*Secular Equilibrium PRG for Th-228 1.97E+01 1.76E+01 1.80E-01 1.77E-01
*Secular Equilibrium PRG for Th-230 1.33E+00 2.73E+01 1.90E-01 1.65E-01
*Secular Equilibrium PRG for Th-232 3.49E+00 1.10E+01 1.27E-01 1.21E-01
*Secular Equilibrium PRG for U-234 1.30E+00 2.10E+01 1.90E-01 1.65E-01
*Secular Equilibrium PRG for U-235 5.82E+00 8.08E+00 1.28E+00 9.30E-01
*Secular Equilibrium PRG for U-238 1.27E+00 1.76E+01 1.88E-01 1.62E-01

Output generated   10MAR2017:15:05:07



Site-Specific
Indoor Worker Risk for Soil

Isotope
Ingestion

Risk
Inhalation

Risk

External
Exposure

Risk
Total
Risk

*Secular Equilibrium Risk for Ra-226 4.61E-06 1.47E-07 3.32E-05 3.80E-05
*Secular Equilibrium Risk for Th-228 9.82E-07 1.10E-06 1.07E-04 1.10E-04
*Secular Equilibrium Risk for Th-230 2.49E-06 1.21E-07 1.73E-05 2.00E-05
*Secular Equilibrium Risk for Th-232 1.53E-05 4.85E-06 4.20E-04 4.40E-04
*Secular Equilibrium Risk for U-234 4.00E-07 2.48E-08 2.73E-06 3.16E-06
*Secular Equilibrium Risk for U-235 1.20E-08 8.66E-09 5.46E-08 7.52E-08
*Secular Equilibrium Risk for U-238 3.46E-07 2.50E-08 2.34E-06 2.71E-06
*Total Risk 2.41E-05 6.27E-06 5.83E-04 6.14E-04

Output generated   10MAR2017:15:05:07



Output generated   10MAR2017:14:52:06

Site-Specific 1
Indoor Worker Equation Inputs for Soil

Output generated   10MAR2017:14:52:06

Site-Specific 1
Indoor Worker Equation Inputs for Soil

Variable Value
Site area for ACF (area correction factor) m 2 5000

Cover layer thickness for GSF
b
 (gamma shielding factor) cm 20

TR (target cancer risk) unitless 1.0E-6
t

iw
 (time - indoor worker) yr 25

EF
iw

 (exposure frequency - indoor worker) day/yr 250
ED

iw
 (exposure duration - indoor worker) yr 25

IRS
iw

 (soil intake rate - indoor worker) mg/day 50
IRA

iw
 (inhalation rate - indoor worker) m 3/day 60

ET
iw

 (exposure time - indoor worker) hr/day 8
GSF

i
 (indoor gamma shielding factor) unitless 0.4

City (Climate Zone) 20
A

s
 (acres) .75

Q/C
wp

 (g/m2-s per kg/m 3) 81.270691351420

PEF (particulate emission factor) m 3/kg 317786088.11142

A (PEF Dispersion Constant) 14.0111
B (PEF Dispersion Constant) 19.6154
C (PEF Dispersion Constant) 225.3397
V  (fraction of vegetative cover) unitless 0.5
U

m
  (mean annual wind speed) m/s 5.4

U
t
  (equivalent threshold value) 11.32

F(x) (function dependant on U
m
/U

t
) unitless 0.4711802410500



Output generated   10MAR2017:14:52:06

Site-Specific 2
Indoor Worker PRGs for Soil

Output generated   10MAR2017:14:52:06

Site-Specific 2
Indoor Worker PRGs for Soil

Isotope

Ingestion
PRG

(pCi/g)

Inhalation
PRG

(pCi/g)

External
Exposure

PRG
(pCi/g)

Total
PRG

(pCi/g)
*Secular Equilibrium PRG for Ra-226 1.37E+00 4.30E+01 4.71E-01 3.48E-01
*Secular Equilibrium PRG for Th-228 1.97E+01 1.76E+01 4.07E-01 3.90E-01
*Secular Equilibrium PRG for Th-230 1.33E+00 2.73E+01 4.71E-01 3.43E-01
*Secular Equilibrium PRG for Th-232 3.49E+00 1.10E+01 3.00E-01 2.70E-01
*Secular Equilibrium PRG for U-234 1.30E+00 2.10E+01 4.71E-01 3.40E-01
*Secular Equilibrium PRG for U-235 5.82E+00 8.08E+00 5.11E+00 2.04E+00
*Secular Equilibrium PRG for U-238 1.27E+00 1.76E+01 4.66E-01 3.34E-01

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-226
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-230
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-232
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-234
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-238


Output generated   10MAR2017:14:52:06

Site-Specific 3
Indoor Worker Risk for Soil

Output generated   10MAR2017:14:52:06

Site-Specific 3
Indoor Worker Risk for Soil

Isotope
Ingestion

Risk
Inhalation

Risk

External
Exposure

Risk
Total
Risk

*Secular Equilibrium Risk for Ra-226 4.61E-06 1.47E-07 1.34E-05 1.82E-05
*Secular Equilibrium Risk for Th-228 9.82E-07 1.10E-06 4.76E-05 4.97E-05
*Secular Equilibrium Risk for Th-230 2.49E-06 1.21E-07 7.01E-06 9.62E-06
*Secular Equilibrium Risk for Th-232 1.53E-05 4.85E-06 1.77E-04 1.97E-04
*Secular Equilibrium Risk for U-234 4.00E-07 2.48E-08 1.10E-06 1.53E-06
*Secular Equilibrium Risk for U-235 1.20E-08 8.66E-09 1.37E-08 3.44E-08
*Secular Equilibrium Risk for U-238 3.46E-07 2.50E-08 9.44E-07 1.32E-06
*Total Risk 2.41E-05 6.27E-06 2.47E-04 2.78E-04

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-226
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-230
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-232
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-234
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-238


Output generated   10MAR2017:16:37:46

Site-Specific 1
Composite Worker Equation Inputs for Soil

Output generated   10MAR2017:16:37:46

Site-Specific 1
Composite Worker Equation Inputs for Soil

Variable Value
Cover layer thickness for GSF (gamma shielding factor) cm 10
TR (target cancer risk) unitless 0.000001
t

w
 (time - composite worker) yr 25

EF
w
 (exposure frequency - composite worker) day/yr 250

ED
w
 (exposure duration - composite worker) yr 25

ET
w
 (exposure time - composite worker) hr/day 8.8

IRA
w
 (inhalation rate - composite worker) m 3/day 60

IRS
w
 (soil intake rate - composite worker) mg/day 100

Site area for ACF (area correction factor) m 2 5000

City (Climate Zone) 20
A

s
 (acres) .75

Q/C
wp

 (g/m2-s per kg/m 3) 81.270691351420

PEF (particulate emission factor) m 3/kg 317786088.11142

A (PEF Dispersion Constant) 14.0111
B (PEF Dispersion Constant) 19.6154
C (PEF Dispersion Constant) 225.3397
V  (fraction of vegetative cover) unitless 0.5
U

m
  (mean annual wind speed) m/s 5.4

U
t
  (equivalent threshold value) 11.32

F(x) (function dependant on U
m
/U

t
) unitless 0.4711802410500



Output generated   10MAR2017:16:37:46

Site-Specific 2
Composite Worker PRGs for Soil

Output generated   10MAR2017:16:37:46

Site-Specific 2
Composite Worker PRGs for Soil

Isotope

Ingestion
PRG

(pCi/g)

Inhalation
PRG

(pCi/g)

External
Exposure

PRG
(pCi/g)

Total
PRG

(pCi/g)
*Secular Equilibrium PRG for Ra-226 6.86E-01 3.91E+01 6.92E-02 6.27E-02
*Secular Equilibrium PRG for Th-228 9.86E+00 1.60E+01 6.55E-02 6.48E-02
*Secular Equilibrium PRG for Th-230 6.64E-01 2.48E+01 6.92E-02 6.25E-02
*Secular Equilibrium PRG for Th-232 1.74E+00 9.98E+00 4.61E-02 4.47E-02
*Secular Equilibrium PRG for U-234 6.50E-01 1.91E+01 6.92E-02 6.23E-02
*Secular Equilibrium PRG for U-235 2.91E+00 7.35E+00 4.67E-01 3.81E-01
*Secular Equilibrium PRG for U-238 6.35E-01 1.60E+01 6.84E-02 6.15E-02

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-226
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-230
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-232
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-234
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-238


Output generated   10MAR2017:16:37:46

Site-Specific 3
Composite Worker Risk for Soil

Output generated   10MAR2017:16:37:46

Site-Specific 3
Composite Worker Risk for Soil

Isotope
Ingestion

Risk
Inhalation

Risk

External
Exposure

Risk
Total
Risk

*Secular Equilibrium Risk for Ra-226 9.22E-06 1.62E-07 9.14E-05 1.01E-04
*Secular Equilibrium Risk for Th-228 1.96E-06 1.21E-06 2.96E-04 2.99E-04
*Secular Equilibrium Risk for Th-230 4.97E-06 1.33E-07 4.77E-05 5.28E-05
*Secular Equilibrium Risk for Th-232 3.05E-05 5.33E-06 1.16E-03 1.19E-03
*Secular Equilibrium Risk for U-234 8.00E-07 2.72E-08 7.52E-06 8.34E-06
*Secular Equilibrium Risk for U-235 2.40E-08 9.52E-09 1.50E-07 1.84E-07
*Secular Equilibrium Risk for U-238 6.92E-07 2.76E-08 6.43E-06 7.15E-06
*Total Risk 4.82E-05 6.90E-06 1.60E-03 1.66E-03

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-226
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-230
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-232
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-234
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-238


Output generated   28MAR2017:13:50:07

Site-Specific 1
Composite Worker Equation Inputs for Soil

Output generated   28MAR2017:13:50:07

Site-Specific 1
Composite Worker Equation Inputs for Soil

Variable Value
Cover layer thickness for GSF (gamma shielding factor) cm 20
TR (target cancer risk) unitless 0.000001
t

w
 (time - composite worker) yr 25

EF
w
 (exposure frequency - composite worker) day/yr 250

ED
w
 (exposure duration - composite worker) yr 25

ET
w
 (exposure time - composite worker) hr/day 8.8

IRA
w
 (inhalation rate - composite worker) m 3/day 60

IRS
w
 (soil intake rate - composite worker) mg/day 100

Site area for ACF (area correction factor) m 2 5000

City (Climate Zone) 20
A

s
 (acres) .75

Q/C
wp

 (g/m2-s per kg/m 3) 81.270691351420

PEF (particulate emission factor) m 3/kg 317786088.11142

A (PEF Dispersion Constant) 14.0111
B (PEF Dispersion Constant) 19.6154
C (PEF Dispersion Constant) 225.3397
V  (fraction of vegetative cover) unitless 0.5
U

m
  (mean annual wind speed) m/s 5.4

U
t
  (equivalent threshold value) 11.32

F(x) (function dependant on U
m
/U

t
) unitless 0.4711802410500



Output generated   28MAR2017:13:50:07

Site-Specific 2
Composite Worker PRGs for Soil

Output generated   28MAR2017:13:50:07

Site-Specific 2
Composite Worker PRGs for Soil

Isotope

Ingestion
PRG

(pCi/g)

Inhalation
PRG

(pCi/g)

External
Exposure

PRG
(pCi/g)

Total
PRG

(pCi/g)
*Secular Equilibrium PRG for Ra-226 6.86E-01 3.91E+01 1.71E-01 1.37E-01
*Secular Equilibrium PRG for Th-228 9.86E+00 1.60E+01 1.48E-01 1.44E-01
*Secular Equilibrium PRG for Th-230 6.64E-01 2.48E+01 1.71E-01 1.35E-01
*Secular Equilibrium PRG for Th-232 1.74E+00 9.98E+00 1.09E-01 1.02E-01
*Secular Equilibrium PRG for U-234 6.50E-01 1.91E+01 1.71E-01 1.35E-01
*Secular Equilibrium PRG for U-235 2.91E+00 7.35E+00 1.86E+00 9.82E-01
*Secular Equilibrium PRG for U-238 6.35E-01 1.60E+01 1.69E-01 1.33E-01

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-226
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-230
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-232
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-234
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-238


Output generated   28MAR2017:13:50:07

Site-Specific 3
Composite Worker Risk for Soil

Output generated   28MAR2017:13:50:07

Site-Specific 3
Composite Worker Risk for Soil

Isotope
Ingestion

Risk
Inhalation

Risk

External
Exposure

Risk
Total
Risk

*Secular Equilibrium Risk for Ra-226 9.22E-06 1.62E-07 3.69E-05 4.63E-05
*Secular Equilibrium Risk for Th-228 1.96E-06 1.21E-06 1.31E-04 1.34E-04
*Secular Equilibrium Risk for Th-230 4.97E-06 1.33E-07 1.93E-05 2.44E-05
*Secular Equilibrium Risk for Th-232 3.05E-05 5.33E-06 4.88E-04 5.24E-04
*Secular Equilibrium Risk for U-234 8.00E-07 2.72E-08 3.04E-06 3.86E-06
*Secular Equilibrium Risk for U-235 2.40E-08 9.52E-09 3.77E-08 7.13E-08
*Secular Equilibrium Risk for U-238 6.92E-07 2.76E-08 2.60E-06 3.32E-06
*Total Risk 4.82E-05 6.90E-06 6.80E-04 7.35E-04

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-226
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-230
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-232
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-234
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-238


Output generated   10MAR2017:14:29:01

Site-Specific 1
Indoor Worker Equation Inputs for Soil

Output generated   10MAR2017:14:29:01

Site-Specific 1
Indoor Worker Equation Inputs for Soil

Variable Value
Site area for ACF (area correction factor) m 2 5000

TR (target cancer risk) unitless 1.0E-6
t

iw
 (time - indoor worker) yr 25

EF
iw

 (exposure frequency - indoor worker) day/yr 250
ED

iw
 (exposure duration - indoor worker) yr 25

IRS
iw

 (soil intake rate - indoor worker) mg/day 50
IRA

iw
 (inhalation rate - indoor worker) m 3/day 60

ET
iw

 (exposure time - indoor worker) hr/day 8
GSF

i
 (indoor gamma shielding factor) unitless 0.4

City (Climate Zone) 20
A

s
 (acres) .75

Q/C
wp

 (g/m2-s per kg/m 3) 81.270691351420

PEF (particulate emission factor) m 3/kg 317786088.11142

A (PEF Dispersion Constant) 14.0111
B (PEF Dispersion Constant) 19.6154
C (PEF Dispersion Constant) 225.3397
V  (fraction of vegetative cover) unitless 0.5
U

m
  (mean annual wind speed) m/s 5.4

U
t
  (equivalent threshold value) 11.32

F(x) (function dependant on U
m
/U

t
) unitless 0.4711802410500
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Site-Specific 2
Indoor Worker PRGs for Soil

Isotope

Ingestion
PRG

(pCi/g)

Inhalation
PRG

(pCi/g)

External
Exposure

PRG
(pCi/g)

Total
PRG

(pCi/g)
*Secular Equilibrium PRG for Ra-226 1.37E+00 4.30E+01 5.88E-02 5.64E-02
*Secular Equilibrium PRG for Th-228 1.97E+01 1.76E+01 6.38E-02 6.34E-02
*Secular Equilibrium PRG for Th-230 1.33E+00 2.73E+01 5.88E-02 5.62E-02
*Secular Equilibrium PRG for Th-232 3.49E+00 1.10E+01 4.19E-02 4.13E-02
*Secular Equilibrium PRG for U-234 1.30E+00 2.10E+01 5.88E-02 5.61E-02
*Secular Equilibrium PRG for U-235 5.82E+00 8.08E+00 2.25E-01 2.11E-01
*Secular Equilibrium PRG for U-238 1.27E+00 1.76E+01 5.80E-02 5.53E-02

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-226
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-230
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-232
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-234
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-238
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Site-Specific 3
Indoor Worker Risk for Soil

Isotope
Ingestion

Risk
Inhalation

Risk

External
Exposure

Risk
Total
Risk

*Secular Equilibrium Risk for Ra-226 4.61E-06 1.47E-07 1.07E-04 1.12E-04
*Secular Equilibrium Risk for Th-228 9.82E-07 1.10E-06 3.03E-04 3.05E-04
*Secular Equilibrium Risk for Th-230 2.49E-06 1.21E-07 5.61E-05 5.87E-05
*Secular Equilibrium Risk for Th-232 1.53E-05 4.85E-06 1.27E-03 1.29E-03
*Secular Equilibrium Risk for U-234 4.00E-07 2.48E-08 8.84E-06 9.26E-06
*Secular Equilibrium Risk for U-235 1.20E-08 8.66E-09 3.12E-07 3.32E-07
*Secular Equilibrium Risk for U-238 3.46E-07 2.50E-08 7.59E-06 7.96E-06
*Total Risk 2.41E-05 6.27E-06 1.75E-03 1.78E-03

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-226
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-230
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-232
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-234
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-238
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Site-Specific 1
Composite Worker Equation Inputs for Soil

Variable Value
Cover layer thickness for GSF (gamma shielding factor) cm 0
TR (target cancer risk) unitless 0.000001
t

w
 (time - composite worker) yr 25

EF
w
 (exposure frequency - composite worker) day/yr 250

ED
w
 (exposure duration - composite worker) yr 25

ET
w
 (exposure time - composite worker) hr/day 8.8

IRA
w
 (inhalation rate - composite worker) m 3/day 60

IRS
w
 (soil intake rate - composite worker) mg/day 100

Site area for ACF (area correction factor) m 2 5000

City (Climate Zone) 20
A

s
 (acres) .75

Q/C
wp

 (g/m2-s per kg/m 3) 81.270691351420

PEF (particulate emission factor) m 3/kg 317786088.11142

A (PEF Dispersion Constant) 14.0111
B (PEF Dispersion Constant) 19.6154
C (PEF Dispersion Constant) 225.3397
V  (fraction of vegetative cover) unitless 0.5
U

m
  (mean annual wind speed) m/s 5.4

U
t
  (equivalent threshold value) 11.32

F(x) (function dependant on U
m
/U

t
) unitless 0.4711802410500
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Site-Specific 2
Composite Worker PRGs for Soil

Isotope

Ingestion
PRG

(pCi/g)

Inhalation
PRG

(pCi/g)

External
Exposure

PRG
(pCi/g)

Total
PRG

(pCi/g)
*Secular Equilibrium PRG for Ra-226 6.86E-01 3.91E+01 2.14E-02 2.07E-02
*Secular Equilibrium PRG for Th-228 9.86E+00 1.60E+01 2.32E-02 2.31E-02
*Secular Equilibrium PRG for Th-230 6.64E-01 2.48E+01 2.14E-02 2.07E-02
*Secular Equilibrium PRG for Th-232 1.74E+00 9.98E+00 1.52E-02 1.51E-02
*Secular Equilibrium PRG for U-234 6.50E-01 1.91E+01 2.14E-02 2.07E-02
*Secular Equilibrium PRG for U-235 2.91E+00 7.35E+00 8.17E-02 7.86E-02
*Secular Equilibrium PRG for U-238 6.35E-01 1.60E+01 2.11E-02 2.04E-02

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-226
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-230
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-232
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-234
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-238
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Site-Specific 3
Composite Worker Risk for Soil

Isotope
Ingestion

Risk
Inhalation

Risk

External
Exposure

Risk
Total
Risk

*Secular Equilibrium Risk for Ra-226 9.22E-06 1.62E-07 2.95E-04 3.05E-04
*Secular Equilibrium Risk for Th-228 1.96E-06 1.21E-06 8.34E-04 8.37E-04
*Secular Equilibrium Risk for Th-230 4.97E-06 1.33E-07 1.54E-04 1.59E-04
*Secular Equilibrium Risk for Th-232 3.05E-05 5.33E-06 3.49E-03 3.53E-03
*Secular Equilibrium Risk for U-234 8.00E-07 2.72E-08 2.43E-05 2.51E-05
*Secular Equilibrium Risk for U-235 2.40E-08 9.52E-09 8.57E-07 8.91E-07
*Secular Equilibrium Risk for U-238 6.92E-07 2.76E-08 2.09E-05 2.16E-05
*Total Risk 4.82E-05 6.90E-06 4.82E-03 4.88E-03

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-226
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-230
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-232
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-234
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-238
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Site-Specific 1
Resident Equation Inputs for Soil

Variable Value
TR (target cancer risk) unitless 1.0E-6
t

res
 (time - resident) yr 26

ED
res

 (exposure duration - resident) yr 26
ET

res
 (exposure time - resident) hr/day 24

ET
res-c

 (exposure time - resident child) hr/day 24
ET

res-a
 (exposure time - resident adult) hr/day 24

ET
res-i

 (exposure time - indoor resident) hr/day 16.416
ET

res-o
 (exposure time - outdoor resident) hr/day 1.752

ED
res-c

 (exposure duration - resident child) yr 6
ED

res-a
 (exposure duration - resident adult) yr 20

EF
res

 (exposure frequency - resident) day/yr 350
EF

res-c
 (exposure frequency - resident child) day/yr 350

EF
res-a

 (exposure frequency - resident adult) day/yr 350
IRS

res-a
 (soil intake rate - resident adult) mg/day 100

IRS
res-c

 (soil intake rate - resident child) mg/day 200
IRA

res-a
 (inhalation rate - resident adult) m 3/day 20

IRA
res-c

 (inhalation rate - resident child) m 3/day 10

IFS
res-adj

 (age-adjusted soil ingestion factor - resident) mg 1120000
IFA

res-adj
 (age-adjusted soil inhalation factor - resident) m 3 161000

GSF
i
 (gamma shielding factor - indoor) unitless 0.4

Site area for ACF (area correction factor) m 2 5000

Cover thickness for GSF
o
 (gamma shielding factor) cm 0

IRAP
res-a

 (apple ingestion rate - resident adult) g/day 73.7
IRAP

res-c
 (apple ingestion rate - resident child) g/day 72.2

IFAP
res-adj

 (age-adjusted apple ingestion factor) g 667520
IRCI

res-a
 (citrus ingestion rate - resident adult) g/day 309.4

IRCI
res-c

 (citrus ingestion rate - resident child) g/day 194.1
IFCI

res-adj
 (age-adjusted citrus ingestion factor) g 2573410

IRBE
res-a

 (berry ingestion rate - resident adult) g/day 35.4
IRBE

res-c
 (berry ingestion rate - resident child) g/day 23.9

IFBE
res-adj

 (age-adjusted berry ingestion factor) g 297990
IRPC

res-a
 (peach ingestion rate - resident adult) g/day 115.7

IRPC
res-c

 (peach ingestion rate - resident child) g/day 111.4
IFPC

res-adj
 (age-adjusted peach ingestion factor) g 1043840
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Site-Specific 2
Resident Equation Inputs for Soil

Variable Value
IRPR

res-a
 (pear ingestion rate - resident adult) g/day 51.9

IRPR
res-c

 (pear ingestion rate - resident child) g/day 66.7
IFPR

res-adj
 (age-adjusted pear ingestion factor) g 503370

IRST
res-a

 (strawberry ingestion rate - resident adult) g/day 40.5
IRST

res-c
 (strawberry ingestion rate - resident child) g/day 25.3

IFST
res-adj

 (age-adjusted strawberry ingestion factor) g 336630
IRAS

res-a
 (asparagus ingestion rate - resident adult) g/day 39.3

IRAS
res-c

 (asparagus ingestion rate - resident child) g/day 12.0
IFAS

res-adj
 (age-adjusted asparagus ingestion factor) g 300300

IRBT
res-a

 (beet ingestion rate - resident adult) g/day 33.9
IRBT

res-c
 (beet ingestion rate - resident child) g/day 3.9

IFBT
res-adj

 (age-adjusted beet ingestion factor) g 245490
IRBR

res-a
 (broccoli ingestion rate - resident adult) g/day 32.0

IRBR
res-c

 (broccoli ingestion rate - resident child) g/day 13.1
IFBR

res-adj
 (age-adjusted broccoli ingestion factor) g 251510

IRCB
res-a

 (cabbage ingestion rate - resident adult) g/day 92.1
IRCB

res-c
 (cabbage ingestion rate - resident child) g/day 12.3

IFCB
res-adj

 (age-adjusted cabbage ingestion factor) g 670530
IRCR

res-a
 (carrot ingestion rate - resident adult) g/day 27.3

IRCR
res-c

 (carrot ingestion rate - resident child) g/day 14.9
IFCR

res-adj
 (age-adjusted carrot ingestion factor) g 222390

IRCO
res-a

 (corn ingestion rate - resident adult) g/day 59.8
IRCO

res-c
 (corn ingestion rate - resident child) g/day 23.8

IFCO
res-adj

 (age-adjusted corn ingestion factor) g 468580
IRCU

res-a
 (cucumber ingestion rate - resident adult) g/day 82.4

IRCU
res-c

 (cucumber ingestion rate - resident child) g/day 25.4
IFCU

res-adj
 (age-adjusted cucumber ingestion factor) g 630140

IRLE
res-a

 (lettuce ingestion rate - resident adult) g/day 37.5
IRLE

res-c
 (lettuce ingestion rate - resident child) g/day 4.2

IFLE
res-adj

 (age-adjusted lettuce ingestion factor) g 271320
IRLI

res-a
 (lima bean ingestion rate - resident adult) g/day 33.8

IRLI
res-c

 (lima bean ingestion rate - resident child) g/day 6.5
IFLI

res-adj
 (age-adjusted lima bean ingestion factor) g 250250

IROK
res-a

 (okra ingestion rate - resident adult) g/day 30.2
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Site-Specific 3
Resident Equation Inputs for Soil

Variable Value
IROK

res-c
 (okra ingestion rate - resident child) g/day 5.3

IFOK
res-adj

 (age-adjusted okra ingestion factor) g 222530
IRON

res-a
 (onion ingestion rate - resident adult) g/day 21.8

IRON
res-c

 (onion ingestion rate - resident child) g/day 5.8
IFON

res-adj
 (age-adjusted onion ingestion factor) g 164780

IRPE
res-a

 (pea ingestion rate - resident adult) g/day 35.4
IRPE

res-c
 (pea ingestion rate - resident child) g/day 32.1

IFPE
res-adj

 (age-adjusted pea ingestion factor) g 315210
IRPU

res-a
 (pumpkin ingestion rate - resident adult) g/day 64.8

IRPU
res-c

 (pumpkin ingestion rate - resident child) g/day 45.2
IFPU

res-adj
 (age-adjusted pumpkin ingestion factor) g 548520

IRSN
res-a

 (snap bean ingestion rate - resident adult) g/day 53.9
IRSN

res-c
 (snap bean ingestion rate - resident child) g/day 27.3

IFSN
res-adj

 (age-adjusted snap bean ingestion factor) g 434630
IRTO

res-a
 (tomato ingestion rate - resident adult) g/day 80.3

IRTO
res-c

 (tomato ingestion rate - resident child) g/day 29.7
IFTO

res-adj
 (age-adjusted tomato ingestion factor) g 624470

IRPT
res-a

 (potato ingestion rate - resident adult) g/day 127.8
IRPT

res-c
 (potato ingestion rate - resident child) g/day 51.7

IFPT
res-adj

 (age-adjusted potato ingestion factor) g 1003170
IRRI

res-a
 (rice ingestion rate - resident adult) g/day 73.2

IRRI
res-c

 (rice ingestion rate - resident child) g/day 28.8
IFRI

res-adj
 (age-adjusted rice ingestion factor) g 572880

IRCG
res-a

 (cereal grain ingestion rate - resident adult) g/day 76.0
IRCG

res-c
 (cereal grain ingestion rate - resident child) g/day 38.0

IFCG
res-adj

 (age-adjusted cereal grain ingestion factor) g 611800
CF

res-produce
 (contaminated plant fraction) unitless 1

CF
res-apple

 (contaminated apple fraction) unitless 1
CF

res-citrus
 (contaminated citrus fraction) unitless 1

CF
res-berry

 (contaminated berry fraction) unitless 1
CF

res-peach
 (contaminated peach fraction) unitless 1

CF
res-pear

 (contaminated pear fraction) unitless 1
CF

res-strawberry
 (contaminated strawberry fraction) unitless 1

CF
res-asparagus

 (contaminated asparagus fraction) unitless 1
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Site-Specific 4
Resident Equation Inputs for Soil

Variable Value
CF

res-beet
 (contaminated beet fraction) unitless 1

CF
res-broccoli

 (contaminated broccoli fraction) unitless 1
CF

res-cabbage
 (contaminated cabbage fraction) unitless 1

CF
res-carrot

 (contaminated carrot fraction) unitless 1
CF

res-corn
 (contaminated corn fraction) unitless 1

CF
res-cucumber

 (contaminated cucumber fraction) unitless 1
CF

res-lettuce
 (contaminated lettuce fraction) unitless 1

CF
res-lima bean

 (contaminated lima bean fraction) unitless 1
CF

res-okra
 (contaminated okra fraction) unitless 1

CF
res-onion

 (contaminated onion fraction) unitless 1
CF

res-pea
 (contaminated pea fraction) unitless 1

CF
res-pumpkin

 (contaminated pumpkin fraction) unitless 1
CF

res-snap bean
 (contaminated snap bean fraction) unitless 1

CF
res-tomato

 (contaminated tomato fraction) unitless 1
CF

res-potato
 (contaminated potato fraction) unitless 1

CF
res-rice

 (contaminated rice fraction) unitless 1
CF

res-cereal grain
 (contaminated cereal grain fraction) unitless 1

MLF
apple

 (apple mass loading factor) unitless .000160
MLF

citrus
 (citrus mass loading factor) unitless .000157

MLF
berry

 (berry mass loading factor) unitless .000166
MLF

peach
 (peach mass loading factor) unitless .000150

MLF
pear

 (pear mass loading factor) unitless .000160
MLF

strawberry
 (strawberry mass loading factor) unitless .0000800

MLF
asparagus

 (asparagus mass loading factor) unitless .0000790
MLF

beet
 (beet mass loading factor) unitless .000138

MLF
broccoli

 (broccoli mass loading factor) unitless .00101
MLF

cabbage
 (cabbage mass loading factor) unitless .000105

MLF
carrot

 (carrot mass loading factor) unitless .0000970
MLF

corn
 (corn mass loading factor) unitless .000145

MLF
cucumber

 (cucumber mass loading factor) unitless .0000400
MLF

lettuce
 (lettuce mass loading factor) unitless .0135

MLF
lima bean

 (lima bean mass loading factor) unitless .00383
MLF

okra
 (okra mass loading factor) unitless .0000800

MLF
onion

 (onion mass loading factor) unitless .0000970
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Site-Specific 5
Resident Equation Inputs for Soil

Variable Value
MLF

pea
 (pea mass loading factor) unitless .000178

MLF
pumpkin

 (pumpkin mass loading factor) unitless .0000580
MLF

snap bean
 (snap bean mass loading factor) unitless .00500

MLF
tomato

 (tomato mass loading factor) unitless .00159
MLF

potato
 (potato mass loading factor) unitless .000210

MLF
rice

 (rice mass loading factor) unitless .250
MLF

cereal grain
 (cereal grain mass loading factor) unitless .250

TR (target cancer risk) unitless 1.0E-6
ED

res-c
 (exposure duration - resident child) yr 6

ED
res-a

 (exposure duration - resident adult) yr 20
EF

res-c
 (exposure frequency - resident child) day/yr 350

EF
res-a

 (exposure frequency - resident adult) day/yr 350
City (Climate Zone) 20
A

s
 (acres) .75

Q/C
wp

 (g/m2-s per kg/m 3) 81.270691351420

PEF (particulate emission factor) m 3/kg 317786088.11142

A (PEF Dispersion Constant) 14.0111
B (PEF Dispersion Constant) 19.6154
C (PEF Dispersion Constant) 225.3397
V  (fraction of vegetative cover) unitless 0.5
U

m
  (mean annual wind speed) m/s 5.4

U
t
  (equivalent threshold value) 11.32

F(x) (function dependant on U
m
/U

t
) unitless 0.4711802410500
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Site-Specific 6
Resident PRGs for Soil

Isotope

Ingestion
PRG

(pCi/g)

Inhalation
PRG

(pCi/g)

External
Exposure

PRG
(pCi/g)

Produce
Consumption

PRG
(pCi/g)

Total
PRG

(pCi/g)
*Secular Equilibrium PRG for Ra-226 1.57E-01 3.34E+01 1.55E-02 3.22E-03 2.62E-03
*Secular Equilibrium PRG for Th-228 1.22E+00 1.37E+01 1.69E-02 1.90E-02 8.86E-03
*Secular Equilibrium PRG for Th-230 1.52E-01 2.12E+01 1.55E-02 3.20E-03 2.61E-03
*Secular Equilibrium PRG for Th-232 3.08E-01 8.53E+00 1.11E-02 3.07E-03 2.38E-03
*Secular Equilibrium PRG for U-234 1.49E-01 1.63E+01 1.55E-02 3.14E-03 2.56E-03
*Secular Equilibrium PRG for U-235 6.08E-01 6.28E+00 5.93E-02 1.10E-02 9.13E-03
*Secular Equilibrium PRG for U-238 1.44E-01 1.36E+01 1.53E-02 3.08E-03 2.52E-03

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-226
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-230
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-232
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-234
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-238
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Site-Specific 7
Resident Risk for Soil

Isotope
Ingestion

Risk
Inhalation

Risk

External
Exposure

Risk

Produce
Consumption

Risk
Total
Risk

*Secular Equilibrium Risk for Ra-226 4.03E-05 1.89E-07 4.06E-04 1.97E-03 2.41E-03
*Secular Equilibrium Risk for Th-228 1.59E-05 1.42E-06 1.15E-03 1.02E-03 2.18E-03
*Secular Equilibrium Risk for Th-230 2.17E-05 1.56E-07 2.12E-04 1.03E-03 1.27E-03
*Secular Equilibrium Risk for Th-232 1.73E-04 6.24E-06 4.80E-03 1.72E-02 2.21E-02
*Secular Equilibrium Risk for U-234 3.50E-06 3.19E-08 3.34E-05 1.66E-04 2.03E-04
*Secular Equilibrium Risk for U-235 1.15E-07 1.12E-08 1.18E-06 6.36E-06 7.66E-06
*Secular Equilibrium Risk for U-238 3.06E-06 3.23E-08 2.87E-05 1.43E-04 1.75E-04
*Total Risk 2.58E-04 8.08E-06 6.63E-03 2.13E-02 2.79E-02

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-226
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-230
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-232
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-234
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-238
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Site-Specific 8
Resident Equation Inputs for Tap Water

Variable Value
IRAP

res-a
 (apple ingestion rate - resident adult) g/day 73.7

IRAP
res-c

 (apple ingestion rate - resident child) g/day 72.2
IFAP

res-adj
 (age-adjusted apple ingestion factor) g 667520

IRCI
res-a

 (citrus ingestion rate - resident adult) g/day 309.4
IRCI

res-c
 (citrus ingestion rate - resident child) g/day 194.1

IFCI
res-adj

 (age-adjusted citrus ingestion factor) g 2573410
IRBE

res-a
 (berry ingestion rate - resident adult) g/day 35.4

IRBE
res-c

 (berry ingestion rate - resident child) g/day 23.9
IFBE

res-adj
 (age-adjusted berry ingestion factor) g 297990

IRPC
res-a

 (peach ingestion rate - resident adult) g/day 115.7
IRPC

res-c
 (peach ingestion rate - resident child) g/day 111.4

IFPC
res-adj

 (age-adjusted peach ingestion factor) g 1043840
IRPR

res-a
 (pear ingestion rate - resident adult) g/day 51.9

IRPR
res-c

 (pear ingestion rate - resident child) g/day 66.7
IFPR

res-adj
 (age-adjusted pear ingestion factor) g 503370

IRST
res-a

 (strawberry ingestion rate - resident adult) g/day 40.5
IRST

res-c
 (strawberry ingestion rate - resident child) g/day 25.3

IFST
res-adj

 (age-adjusted strawberry ingestion factor) g 336630
IRAS

res-a
 (asparagus ingestion rate - resident adult) g/day 39.3

IRAS
res-c

 (asparagus ingestion rate - resident child) g/day 12.0
IFAS

res-adj
 (age-adjusted asparagus ingestion factor) g 300300

IRBT
res-a

 (beet ingestion rate - resident adult) g/day 33.9
IRBT

res-c
 (beet ingestion rate - resident child) g/day 3.9

IFBT
res-adj

 (age-adjusted beet ingestion factor) g 245490
IRBR

res-a
 (broccoli ingestion rate - resident adult) g/day 32.0

IRBR
res-c

 (broccoli ingestion rate - resident child) g/day 13.1
IFBR

res-adj
 (age-adjusted broccoli ingestion factor) g 251510

IRCB
res-a

 (cabbage ingestion rate - resident adult) g/day 92.1
IRCB

res-c
 (cabbage ingestion rate - resident child) g/day 12.3

IFCB
res-adj

 (age-adjusted cabbage ingestion factor) g 670530
IRCR

res-a
 (carrot ingestion rate - resident adult) g/day 27.3

IRCR
res-c

 (carrot ingestion rate - resident child) g/day 14.9
IFCR

res-adj
 (age-adjusted carrot ingestion factor) g 222390

IRCO
res-a

 (corn ingestion rate - resident adult) g/day 59.8
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Site-Specific 9
Resident Equation Inputs for Tap Water

Variable Value
IRCO

res-c
 (corn ingestion rate - resident child) g/day 23.8

IFCO
res-adj

 (age-adjusted corn ingestion factor) g 468580
IRCU

res-a
 (cucumber ingestion rate - resident adult) g/day 82.4

IRCU
res-c

 (cucumber ingestion rate - resident child) g/day 25.4
IFCU

res-adj
 (age-adjusted cucumber ingestion factor) g 630140

IRLE
res-a

 (lettuce ingestion rate - resident adult) g/day 37.5
IRLE

res-c
 (lettuce ingestion rate - resident child) g/day 4.2

IFLE
res-adj

 (age-adjusted lettuce ingestion factor) g 271320
IRLI

res-a
 (lima bean ingestion rate - resident adult) g/day 33.8

IRLI
res-c

 (lima bean ingestion rate - resident child) g/day 6.5
IFLI

res-adj
 (age-adjusted lima bean ingestion factor) g 250250

IROK
res-a

 (okra ingestion rate - resident adult) g/day 30.2
IROK

res-c
 (okra ingestion rate - resident child) g/day 5.3

IFOK
res-adj

 (age-adjusted okra ingestion factor) g 222530
IRON

res-a
 (onion ingestion rate - resident adult) g/day 21.8

IRON
res-c

 (onion ingestion rate - resident child) g/day 5.8
IFON

res-adj
 (age-adjusted onion ingestion factor) g 164780

IRPE
res-a

 (pea ingestion rate - resident adult) g/day 35.4
IRPE

res-c
 (pea ingestion rate - resident child) g/day 32.1

IFPE
res-adj

 (age-adjusted pea ingestion factor) g 315210
IRPU

res-a
 (pumpkin ingestion rate - resident adult) g/day 64.8

IRPU
res-c

 (pumpkin ingestion rate - resident child) g/day 45.2
IFPU

res-adj
 (age-adjusted pumpkin ingestion factor) g 548520

IRSN
res-a

 (snap bean ingestion rate - resident adult) g/day 53.9
IRSN

res-c
 (snap bean ingestion rate - resident child) g/day 27.3

IFSN
res-adj

 (age-adjusted snap bean ingestion factor) g 434630
IRTO

res-a
 (tomato ingestion rate - resident adult) g/day 80.3

IRTO
res-c

 (tomato ingestion rate - resident child) g/day 29.7
IFTO

res-adj
 (age-adjusted tomato ingestion factor) g 624470

IRPT
res-a

 (potato ingestion rate - resident adult) g/day 127.8
IRPT

res-c
 (potato ingestion rate - resident child) g/day 51.7

IFPT
res-adj

 (age-adjusted potato ingestion factor) g 1003170
IRRI

res-a
 (rice ingestion rate - resident adult) g/day 73.2

IRRI
res-c

 (rice ingestion rate - resident child) g/day 28.8
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Site-Specific 10
Resident Equation Inputs for Tap Water

Variable Value
IFRI

res-adj
 (age-adjusted rice ingestion factor) g 572880

IRCG
res-a

 (cereal grain ingestion rate - resident adult) g/day 76.0
IRCG

res-c
 (cereal grain ingestion rate - resident child) g/day 38.0

IFCG
res-adj

 (age-adjusted cereal grain ingestion factor) g 611800
CF

res-produce
 (contaminated plant fraction) unitless 1

CF
res-apple

 (contaminated apple fraction) unitless 1
CF

res-citrus
 (contaminated citrus fraction) unitless 1

CF
res-berry

 (contaminated berry fraction) unitless 1
CF

res-peach
 (contaminated peach fraction) unitless 1

CF
res-pear

 (contaminated pear fraction) unitless 1
CF

res-strawberry
 (contaminated strawberry fraction) unitless 1

CF
res-asparagus

 (contaminated asparagus fraction) unitless 1
CF

res-beet
 (contaminated beet fraction) unitless 1

CF
res-broccoli

 (contaminated broccoli fraction) unitless 1
CF

res-cabbage
 (contaminated cabbage fraction) unitless 1

CF
res-carrot

 (contaminated carrot fraction) unitless 1
CF

res-corn
 (contaminated corn fraction) unitless 1

CF
res-cucumber

 (contaminated cucumber fraction) unitless 1
CF

res-lettuce
 (contaminated lettuce fraction) unitless 1

CF
res-lima bean

 (contaminated lima bean fraction) unitless 1
CF

res-okra
 (contaminated okra fraction) unitless 1

CF
res-onion

 (contaminated onion fraction) unitless 1
CF

res-pea
 (contaminated pea fraction) unitless 1

CF
res-pumpkin

 (contaminated pumpkin fraction) unitless 1
CF

res-snap bean
 (contaminated snap bean fraction) unitless 1

CF
res-tomato

 (contaminated tomato fraction) unitless 1
CF

res-potato
 (contaminated potato fraction) unitless 1

CF
res-rice

 (contaminated rice fraction) unitless 1
CF

res-cereal grain
 (contaminated cereal grain fraction) unitless 1

TR (target cancer risk) unitless 1.0E-6
EF

res-c
 (exposure frequency - resident child) day/yr 350

EF
res-a

 (exposure frequency - resident adult) day/yr 350
ED

res
 (exposure duration - resident) yr 26

ET
res-c

 (exposure time - resident child) hr 24
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Site-Specific 11
Resident Equation Inputs for Tap Water

Variable Value
ET

res-a
 (exposure time - resident adult) hr 24

ED
res-a

 (exposure duration - resident adult) yr 20
ED

res-c
 (exposure duration - resident child) yr 6

IRW
res-a

 (water intake rate - resident adult) L/day 2.5
IRW

res-c
 (water intake rate - resident child) L/day 0.78

K (volatilization factor of Andelman) L/m 3 0.5

IRA
res-a

 (inhalation rate - resident adult) m 3/day 20

IRA
res-c

 (inhalation rate - resident child) m 3/day 10

IFW
res-adj

 (adjusted intake factor - resident) L-yr/kg-day 19138
IFA

res-adj
 (age-adjusted inhalation factor - resident) m 3 161000

DFA
res-adj

 (age-adjusted immersion factor - resident) hr 6104
ET

event-res-c
 (duration of bathing event - child) hr/event 0.54

ET
event-res-a

 (duration of bathing event - adult) hr/event 0.71
EV

res
 (bathing events per day - resident) event/day 1

EV
res-c

 (bathing events per day - resident child) event/day 1
EV

res-a
 (bathing events per day - resident adult) event/day 1

F (irrigation period) unitless 0.25
I

f
 (interception fraction) unitless 0.42

I
r
 (irrigation rate) L/m 2-day 3.62

&lambda;
HL

 (soil leaching rate) 1/day 0.000027
P (area density for root zone) kg/m 2 240

T (translocation factor) unitless 1
t

b
 (long term deposition and buildup) day 10950

t
v
 (above ground exposure time) day 60

t
w
 (weathering half-life) day 14

Y
v
 (plant yield - wet) kg/m 2 2
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Site-Specific 12
Resident PRGs for Tap Water
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Site-Specific 12
Resident PRGs for Tap Water

Isotope

Ingestion
PRG

(pCi/L)

Inhalation
PRG

(pCi/L)

Immersion
PRG

(pCi/L)

Produce
Consumption

PRG
(pCi/L)

Total
PRG

(pCi/L)
*Secular Equilibrium PRG for Ra-226 1.71E-02 4.41E-04 8.54E+04 1.03E-02 4.13E-04
*Secular Equilibrium PRG for Th-228 1.74E-01 1.10E-03 9.73E+04 9.06E-02 1.08E-03
*Secular Equilibrium PRG for Th-230 1.66E-02 4.41E-04 8.54E+04 1.01E-02 4.12E-04
*Secular Equilibrium PRG for Th-232 3.63E-02 1.10E-03 6.27E+04 1.83E-02 1.01E-03
*Secular Equilibrium PRG for U-234 1.62E-02 4.41E-04 8.54E+04 9.83E-03 4.12E-04
*Secular Equilibrium PRG for U-235 7.14E-02 - 2.59E+05 4.10E-02 2.60E-02
*Secular Equilibrium PRG for U-238 1.58E-02 4.41E-04 8.41E+04 9.57E-03 4.11E-04

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-226
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-230
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-232
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-234
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-238
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Resident Risk for Tap Water
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Site-Specific 13
Resident Risk for Tap Water

Isotope
Ingestion

Risk

Produce
Consumption

Risk
Inhalation

Risk
Immersion

Risk

Total
Tapwater

Risk
*Secular Equilibrium Risk for Ra-226 - - - - -
*Secular Equilibrium Risk for Th-228 - - - - -
*Secular Equilibrium Risk for Th-230 - - - - -
*Secular Equilibrium Risk for Th-232 3.03E-04 6.00E-04 9.97E-03 1.75E-10 1.09E-02
*Secular Equilibrium Risk for U-234 - - - - -
*Secular Equilibrium Risk for U-235 - - - - -
*Secular Equilibrium Risk for U-238 - - - - -
*Total Risk 3.03E-04 6.00E-04 9.97E-03 1.75E-10 1.08E-02

http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Ra-226
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-228
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-230
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=Th-232
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-234
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-235
http://epa-prgs.ornl.gov/radionuclides/chain/chain.php?rad=U-238


Site-Specific
Construction Worker Equation Inputs for 2-D Direct External Exposure
 
 

Variable Value

Cover layer thickness for 
GSF (gamma shielding 
factor) cm 0

TR (target cancer risk) 
unitless 0.000001

tcw (time - construction 
worker) yr 1

EDcw (exposure duration - 
construction worker) yr 1

EFcw (exposure frequency - 
construction worker) day/yr 100

ETcw (exposure time - 
construction worker) hr 8

Site area for ACF (area 

correction factor) m2 5000
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Site-Specific
Construction Worker PRGs for 2-D Direct External Exposure

Isotope

Soil Volume
PRG

(pCi/g)

Soil Volume
@ 1cm PRG

(pCi/g)

Soil Volume
@ 5cm PRG

(pCi/g)

Soil Volume
@ 15cm PRG

(pCi/g)

 Ground 
Plane
 PRG

 (pCi/cm2)

*Secular Equilibrium PRG for Ra-226 1.47E+00 7.98E+00 2.72E+00 1.73E+00 9.59E+00
*Secular Equilibrium PRG for Th-228 1.59E+00 9.73E+00 3.25E+00 2.03E+00 1.19E+01
*Secular Equilibrium PRG for Th-232 1.05E+00 6.01E+00 2.04E+00 1.29E+00 7.25E+00
*Secular Equilibrium PRG for U-234 1.47E+00 7.98E+00 2.72E+00 1.73E+00 9.58E+00
*Secular Equilibrium PRG for U-235 5.62E+00 2.27E+01 8.33E+00 6.11E+00 2.27E+01
*Secular Equilibrium PRG for U-238 1.45E+00 7.84E+00 2.67E+00 1.70E+00 9.33E+00
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Site-Specific
Construction Worker Risk for 2-D Direct External Exposure

Isotope Soil Volume Risk  Ground Plane Risk
Soil Volume
@ 1cm Risk

Soil Volume
@ 5cm Risk

Soil Volume
@ 15cm Risk

*Secular Equilibrium Risk for Ra-226 - - 7.92E-07 2.33E-06 3.65E-06
*Secular Equilibrium Risk for Th-228 - - 1.99E-06 5.95E-06 9.55E-06
*Secular Equilibrium Risk for Th-232 - - 8.85E-06 2.60E-05 4.13E-05
*Secular Equilibrium Risk for U-234 - - 6.52E-08 1.91E-07 3.01E-07
*Secular Equilibrium Risk for U-235 - - 3.09E-09 8.40E-09 1.15E-08
*Secular Equilibrium Risk for U-238 - - 5.62E-08 1.65E-07 2.58E-07
*Total Risk - - 1.18E-05 3.47E-05 5.51E-05
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Appendix H
ProUCL Output for Chemicals and Radionuclides of 
Concern



Appendix H Contents

Former Wolff‐Alport Chemical Company Site

Ridgewood, Queens, New York

Table ProUCL Output 

H‐1 Exposure Point Concentrations for Chemicals in Surface Soil [0‐2 feet below ground surface (bgs)] 

H‐2 Outlier Test for Suspected Hot Spots 

H‐3 Exposure Point Concentrations for Chemicals in Surface Soil [0‐2 feet below ground surface (bgs)] without Hot Spots

H‐4 Exposure Point Concentrations for Chemicals in Surface/Subsurface Soil (0‐10 ft bgs) 

H‐5 Exposure Point Concentrations for Radionuclides in Site Surface/Subsurface Soil (0‐10 ft bgs) 

H‐6 Exposure Point Concentrations for Radionuclides in Site Surface/Subsurface Soil (0‐10 ft bgs), Cooper Street

H‐7 Exposure Point Concentrations for Radionuclides in Site Surface/Subsurface Soil (0‐10 ft bgs), Irving Street

H‐8 Exposure Point Concentrations for Radionuclides in Site Surface/Subsurface Soil (0‐10 ft bgs), Moffat Street

H‐9 Exposure Point Concentrations for Chemicals in Groundwater 
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1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

User Seleccted Options

Datee/Time of Co omputation 9/10/2016 5: :28:40 PM

From File WACC Surfaace Soil- 0-2..xls

Full  Precision OFF

CConfidence C Coefficient 95%

Number o   f Bootstrap O Operations 2000

Total  Number of O Observations 19 Number r of Distinct O Observations 19

Number  of Missing O Observations 0

Minimum 7.4 Mean 1145

Maximum 13000 Median 200

SD 2955 Std. Er rror of Mean 678

Coefficient  of Variation 2.581 Skewness 3.985

Shhapiro Wilk T Test Statistic 0.4

5% Sh hapiro Wilk C Critical Value 0.901 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.37

5%% Lilliefors C Critical Value 0.203 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 2321 995% Adjustedd-CLT UCL ( Chen-1995) 2923

95% Modifieed-t UCL (Johhnson-1978) 2424

A-D T Test Statistic 1.461

5% A-D C Critical Value 0.817 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.237

5% K-S C Critical Value 0.212 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 0.43 k s star (bias corrrected MLE) 0.397

Thetta hat (MLE) 2662 Theta s star (bias corrrected MLE) 2882

nnu hat (MLE) 16.35 nu star (bia  s corrected) 15.1

MLLE Mean (bia  s corrected) 1145 MLE Sd (bia  s corrected) 1817

AApproximate  Chi Square V Value (0.05) 7.331

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 6.861

955% Approximmate Gamma  UCL (use wh hen n>=50)) 2359 95% Adjjusted Gammma UCL (use  when n<50) 2520

Shhapiro Wilk T Test Statistic 0.955

5% Sh hapiro Wilk C Critical Value 0.901 Data appear r Lognormal a at 5% Significcance Level
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54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

Lilliefors T Test Statistic 0.164

5%% Lilliefors C Critical Value 0.203 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 2.001 Mean of l  logged Data 5.531

MMaximum of L Logged Data 9.473 SD of l  logged Data 1.729

95% H-UCL 5238 90% C Chebyshev (M MVUE) UCL 2324

95% C Chebyshev (M MVUE) UCL 2945 97.5% C Chebyshev (M MVUE) UCL 3806

99% C Chebyshev (M MVUE) UCL 5498

95% CLT UCL 2260 95% Jac ckknife UCL 2321

95%  Standard Bootstrap UCL 2228 95% Boottstrap-t UCL 6360

955% Hall's Boootstrap UCL 5788 95% P Percentile Boootstrap UCL 2410

995% BCA Bootstrap UCL 3289

90% Cheebyshev(Meaan, Sd) UCL 3179 95% Cheebyshev(Meaan, Sd) UCL 4100

97.5% Cheebyshev(Meaan, Sd) UCL 5379 99% Cheebyshev(Meaan, Sd) UCL 7891

99% Cheebyshev (Meaan, Sd) UCL 7891

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

These recommmendations s are based u upon the resuults of the sim mulation studdies summariized in Singh  h, Singh, and  Iaci (2002)

and Singh a and Singh (2 003). Howevver, simulationns results wil   ll not cover a   all Real World d data sets.

For addditional insighht the user m ay want to co onsult a statisstician.

Total  Number of O Observations 19 Number r of Distinct O Observations 17

Number  of Missing O Observations 0

Minimum 9 Mean 979.3

Maximum 10000 Median 190

SD 2287 Std. Er rror of Mean 524.7

Coefficient  of Variation 2.336 Skewness 3.793

Shhapiro Wilk T Test Statistic 0.439

5% Sh hapiro Wilk C Critical Value 0.901 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.352

5%% Lilliefors C Critical Value 0.203 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 1889 995% Adjustedd-CLT UCL ( Chen-1995) 2330
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107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

95% Modifieed-t UCL (Johhnson-1978) 1965

A-D T Test Statistic 1.472

5% A-D C Critical Value 0.807 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.273

5% K-S C Critical Value 0.21 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 0.48 k s star (bias corrrected MLE) 0.44

Thetta hat (MLE) 2038 Theta s star (bias corrrected MLE) 2227

nnu hat (MLE) 18.26 nu star (bia  s corrected) 16.71

MLLE Mean (bia  s corrected) 979.3 MLE Sd (bia  s corrected) 1477

AApproximate  Chi Square V Value (0.05) 8.464

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 7.954

955% Approximmate Gamma  UCL (use wh hen n>=50)) 1933 95% Adjjusted Gammma UCL (use  when n<50) 2057

Shhapiro Wilk T Test Statistic 0.946

5% Sh hapiro Wilk C Critical Value 0.901 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.173

5%% Lilliefors C Critical Value 0.203 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 2.197 Mean of l  logged Data 5.557

MMaximum of L Logged Data 9.21 SD of l  logged Data 1.622

95% H-UCL 3804 90% C Chebyshev (M MVUE) UCL 1965

95% C Chebyshev (M MVUE) UCL 2475 97.5% C Chebyshev (M MVUE) UCL 3181

99% C Chebyshev (M MVUE) UCL 4570

95% CLT UCL 1842 95% Jac ckknife UCL 1889

95%  Standard Bootstrap UCL 1833 95% Boottstrap-t UCL 4453

955% Hall's Boootstrap UCL 4517 95% P Percentile Boootstrap UCL 1927

995% BCA Bootstrap UCL 2486

90% Cheebyshev(Meaan, Sd) UCL 2553 95% Cheebyshev(Meaan, Sd) UCL 3267

97.5% Cheebyshev(Meaan, Sd) UCL 4256 99% Cheebyshev(Meaan, Sd) UCL 6200

99% Cheebyshev (Meaan, Sd) UCL 6200

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

These recommmendations s are based u upon the resuults of the sim mulation studdies summariized in Singh  h, Singh, and  Iaci (2002)

and Singh a and Singh (2 003). Howevver, simulationns results wil   ll not cover a   all Real World d data sets.
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160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

For addditional insighht the user m ay want to co onsult a statisstician.

Total  Number of O Observations 19 Number r of Distinct O Observations 18

Number  of Missing O Observations 0

Minimum 11 Mean 1429

Maximum 12000 Median 270

SD 2812 Std. Er rror of Mean 645.2

Coefficient  of Variation 1.967 Skewness 3.316

Shhapiro Wilk T Test Statistic 0.529

5% Sh hapiro Wilk C Critical Value 0.901 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.313

5%% Lilliefors C Critical Value 0.203 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 2548 995% Adjustedd-CLT UCL ( Chen-1995) 3015

95% Modifieed-t UCL (Johhnson-1978) 2630

A-D T Test Statistic 1.02

5% A-D C Critical Value 0.802 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.229

5% K-S C Critical Value 0.21 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 0.506 k s star (bias corrrected MLE) 0.461

Thetta hat (MLE) 2823 Theta s star (bias corrrected MLE) 3097

nnu hat (MLE) 19.24 nu star (bia  s corrected) 17.54

MLLE Mean (bia  s corrected) 1429 MLE Sd (bia  s corrected) 2104

AApproximate  Chi Square V Value (0.05) 9.057

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 8.527

955% Approximmate Gamma  UCL (use wh hen n>=50)) 2768 95% Adjjusted Gammma UCL (use  when n<50) 2940

Shhapiro Wilk T Test Statistic 0.958

5% Sh hapiro Wilk C Critical Value 0.901 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.158

5%% Lilliefors C Critical Value 0.203 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 2.398 Mean of l  logged Data 6.013

MMaximum of L Logged Data 9.393 SD of l  logged Data 1.688
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213

214

215

216

217

218
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224
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241
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245

246
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249

250

251

252
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254

255

256
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258
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260

261

262

263

264

265

95% H-UCL 7417 90% C Chebyshev (M MVUE) UCL 3494

95% C Chebyshev (M MVUE) UCL 4416 97.5% C Chebyshev (M MVUE) UCL 5697

99% C Chebyshev (M MVUE) UCL 8213

95% CLT UCL 2490 95% Jac ckknife UCL 2548

95%  Standard Bootstrap UCL 2465 95% Boottstrap-t UCL 4496

955% Hall's Boootstrap UCL 6244 95% P Percentile Boootstrap UCL 2579

995% BCA Bootstrap UCL 3232

90% Cheebyshev(Meaan, Sd) UCL 3365 95% Cheebyshev(Meaan, Sd) UCL 4241

97.5% Cheebyshev(Meaan, Sd) UCL 5458 99% Cheebyshev(Meaan, Sd) UCL 7848

99% Cheebyshev (Meaan, Sd) UCL 7848

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

These recommmendations s are based u upon the resuults of the sim mulation studdies summariized in Singh  h, Singh, and  Iaci (2002)

and Singh a and Singh (2 003). Howevver, simulationns results wil   ll not cover a   all Real World d data sets.

For addditional insighht the user m ay want to co onsult a statisstician.

Total  Number of O Observations 19 Number r of Distinct O Observations 18

Numbe  er of Detects 18 Number of N Non-Detects 1

Nuumber of Disttinct Detects 17 Numbe  r of Distinct N Non-Detects 1

Minimmum Detect 7.1 Minimum  Non-Detect 7.4

Maximmum Detect 6500 Maximum  Non-Detect 7.4

Variance Detects 2281789 Percent N Non-Detects 5.263%

Meean Detects 658.8 SD Detects 1511

Meddian Detects 110 CV Detects 2.293

Skewnness Detects 3.791 Kurtoosis Detects 15.15

Mean of Loggged Detects 5.209 SD of Loggged Detects 1.563

Shhapiro Wilk T Test Statistic 0.442

5% Sh hapiro Wilk C Critical Value 0.897 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.333

5%% Lilliefors C Critical Value 0.209 DDetected Data a Not Norma  l at 5% Significance Leveel

Mean 624.5 Standard Er rror of Mean 339

SD 1436 95% KM  (BCA) UCL 1330

95%  KM (t) UCL 1212 95% KM (Pe ercentile Boootstrap) UCL 1251

95%  KM (z) UCL 1182 995% KM Boottstrap t UCL 2842

990% KM Chebbyshev UCL 1642 995% KM Chebbyshev UCL 2102

97.5% KM Chebbyshev UCL 2742 999% KM Chebbyshev UCL 3998
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266

267

268

269

270

271

272

273

274

275

276

277

278

279

280
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282
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284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

A-D T Test Statistic 1.402

5% A-D C Critical Value 0.801 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.243

5% K-S C Critical Value 0.215 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

k hat (MLE) 0.496 k s star (bias corrrected MLE) 0.451

Thetta hat (MLE) 1327 Theta s star (bias corrrected MLE) 1462

nnu hat (MLE) 17.87 nu star (bia  s corrected) 16.22

MLLE Mean (bia  s corrected) 658.8 MLE Sd (bia  s corrected) 981.4

k hat (KM) 0.189 nu hat (KM) 7.184

Appproximate Ch   hi Square Value (7.18, α) 2.272 Adjusted Ch   hi Square Value (7.18, β) 2.038

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 1974 95% Gamma a Adjusted K M-UCL (use  when n<50) 2201

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar of  f detected da ata is small su uch as < 0.1

For s such situationns, GROS m ethod tends  to yield inflatted values of   UCLs and B TVs

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 624.1

Maximum 6500 Median 110

SD 1476 CV 2.365

k hat (MLE) 0.38 k s star (bias corrrected MLE) 0.355

Thetta hat (MLE) 1641 Theta s star (bias corrrected MLE) 1756

nnu hat (MLE) 14.46 nu star (bia  s corrected) 13.51

MLLE Mean (bia  s corrected) 624.1 MLE Sd (bia  s corrected) 1047

Adjusted  Level of Signnificance (β) 0.0369

Apprroximate Chi  Square Valuue (13.51, α) 6.235 AAdjusted Chi  Square Valuue (13.51, β) 5.807

995% Gamma  Approximate e UCL (use w when n>=50) 1352 95% Gamma Adjusteed UCL (use  when n<50) 1452

Shhapiro Wilk T Test Statistic 0.938

5% Sh hapiro Wilk C Critical Value 0.897 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.183

5%% Lilliefors C Critical Value 0.209 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 624.6 Mean i   n Log Scale 5.05

SD in Or riginal Scale 1476 SD i   n Log Scale 1.67

95% t U  UCL (assumes s normality o   of ROS data) 1212 95% P Percentile Boootstrap UCL 1267

995% BCA Bootstrap UCL 1564 95% Boottstrap t UCL 2930

95% H-UCL L (Log ROS) 2670

KM Me ean (logged) 5.038 95% H-UCL (KM -Log) 2453

KM S SD (logged) 1.647 95% C Critical H Valuue (KM-Log) 3.635

KM Standar  d Error of Me ean (logged) 0.389
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338

339

340

341

342

343

344

345

346

347
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350
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352
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355
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357
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359
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362

363

364

365

366

367

368

369

370

371

Mean in Or riginal Scale 624.3 Mean i   n Log Scale 5.004

SD in Or riginal Scale 1476 SD i   n Log Scale 1.763

95% t U  UCL (Assumees normality) 1211 95%  H-Stat UCL 3468

99% KM (Chebbyshev) UCL 3998

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 19 Number r of Distinct O Observations 17

Number  of Missing O Observations 0

Minimum 5.4 Mean 293.2

Maximum 2900 Median 71

SD 654.2 Std. Er rror of Mean 150.1

Coefficient  of Variation 2.232 Skewness 3.898

Shhapiro Wilk T Test Statistic 0.435

5% Sh hapiro Wilk C Critical Value 0.901 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.341

5%% Lilliefors C Critical Value 0.203 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 553.4 995% Adjustedd-CLT UCL ( Chen-1995) 683.4

95% Modifieed-t UCL (Johhnson-1978) 575.8

A-D T Test Statistic 1.389

5% A-D C Critical Value 0.798 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.28

5% K-S C Critical Value 0.209 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 0.553 k s star (bias corrrected MLE) 0.501

Thetta hat (MLE) 529.9 Theta s star (bias corrrected MLE) 585.2

nnu hat (MLE) 21.02 nu star (bia  s corrected) 19.04
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372

373
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375

376

377

378

379
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383

384

385
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387
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391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

MLLE Mean (bia  s corrected) 293.2 MLE Sd (bia  s corrected) 414.2

AApproximate  Chi Square V Value (0.05) 10.14

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 9.579

955% Approximmate Gamma  UCL (use wh hen n>=50)) 550.1 95% Adjjusted Gammma UCL (use  when n<50) 582.6

Shhapiro Wilk T Test Statistic 0.943

5% Sh hapiro Wilk C Critical Value 0.901 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.173

5%% Lilliefors C Critical Value 0.203 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 1.686 Mean of l  logged Data 4.55

MMaximum of L Logged Data 7.972 SD of l  logged Data 1.47

95% H-UCL 885.9 90% C Chebyshev (M MVUE) UCL 552.1

95% C Chebyshev (M MVUE) UCL 688.3 97.5% C Chebyshev (M MVUE) UCL 877.4

99% C Chebyshev (M MVUE) UCL 1249

95% CLT UCL 540 95% Jac ckknife UCL 553.4

95%  Standard Bootstrap UCL 530.3 95% Boottstrap-t UCL 1220

955% Hall's Boootstrap UCL 1378 95% P Percentile Boootstrap UCL 564.9

995% BCA Bootstrap UCL 761.4

90% Cheebyshev(Meaan, Sd) UCL 743.4 95% Cheebyshev(Meaan, Sd) UCL 947.3

97.5% Cheebyshev(Meaan, Sd) UCL 1230 99% Cheebyshev(Meaan, Sd) UCL 1786

95% Cheebyshev (Meaan, Sd) UCL 947.3

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

These recommmendations s are based u upon the resuults of the sim mulation studdies summariized in Singh  h, Singh, and  Iaci (2002)

and Singh a and Singh (2 003). Howevver, simulationns results wil   ll not cover a   all Real World d data sets.

For addditional insighht the user m ay want to co onsult a statisstician.

Total  Number of O Observations 19 Number r of Distinct O Observations 15

Numbe  er of Detects 9 Number of N Non-Detects 10

Nuumber of Disttinct Detects 9 Numbe  r of Distinct N Non-Detects 6

Minimmum Detect 0.39 Minimum  Non-Detect 1

Maximmum Detect 6800 Maximum  Non-Detect 23

Variance Detects 5053590 Percent N Non-Detects 52.63%

Meean Detects 812.4 SD Detects 2248

Meddian Detects 16 CV Detects 2.767
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425

426
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433

434
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437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

Skewnness Detects 2.987 Kurtoosis Detects 8.938

Mean of Loggged Detects 3.064 SD of Loggged Detects 3.114

Shhapiro Wilk T Test Statistic 0.423

5% Sh hapiro Wilk C Critical Value 0.829 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.472

5%% Lilliefors C Critical Value 0.295 DDetected Data a Not Norma  l at 5% Significance Leveel

Mean 386.7 Standard Er rror of Mean 368.3

SD 1514 95% KM  (BCA) UCL 1099

95%  KM (t) UCL 1025 95% KM (Pe ercentile Boootstrap) UCL 1095

95%  KM (z) UCL 992.5 995% KM Boottstrap t UCL 23103

990% KM Chebbyshev UCL 1492 995% KM Chebbyshev UCL 1992

97.5% KM Chebbyshev UCL 2687 999% KM Chebbyshev UCL 4051

A-D T Test Statistic 0.851

5% A-D C Critical Value 0.846 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.257

5% K-S C Critical Value 0.308 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 0.202 k s star (bias corrrected MLE) 0.209

Thetta hat (MLE) 4020 Theta s star (bias corrrected MLE) 3891

nnu hat (MLE) 3.637 nu star (bia  s corrected) 3.758

MLLE Mean (bia  s corrected) 812.4 MLE Sd (bia  s corrected) 1778

k hat (KM) 0.0653 nu hat (KM) 2.48

Appproximate Ch   hi Square Value (2.48, α) 0.237 Adjusted Ch   hi Square Value (2.48, β) 0.196

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 4052 95% Gamma a Adjusted K M-UCL (use  when n<50) 4888

Gaamma (KM) m may not be us sed when k ha at (KM) is < 0  0.1

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar of  f detected da ata is small su uch as < 0.1

For s such situationns, GROS m ethod tends  to yield inflatted values of   UCLs and B TVs

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 384.8

Maximum 6800 Median 0.01

SD 1556 CV 4.042

k hat (MLE) 0.115 k s star (bias corrrected MLE) 0.132

Thetta hat (MLE) 3342 Theta s star (bias corrrected MLE) 2914

nnu hat (MLE) 4.376 nu star (bia  s corrected) 5.018

MLLE Mean (bia  s corrected) 384.8 MLE Sd (bia  s corrected) 1059

Adjusted  Level of Signnificance (β) 0.0369

Appproximate Ch   hi Square Value (5.02, α) 1.161 Adjusted Ch   hi Square Value (5.02, β) 1.009

995% Gamma  Approximate e UCL (use w when n>=50) 1664 95% Gamma Adjusteed UCL (use  when n<50) 1914
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511
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516

517
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521

522

523

524

525

526

527

528

529

530

Shhapiro Wilk T Test Statistic 0.96

5% Sh hapiro Wilk C Critical Value 0.829 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.115

5%% Lilliefors C Critical Value 0.295 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 386.1 Mean i   n Log Scale 1.585

SD in Or riginal Scale 1555 SD i   n Log Scale 2.669

95% t U  UCL (assumes s normality o   of ROS data) 1005 95% P Percentile Boootstrap UCL 1091

995% BCA Bootstrap UCL 1467 95% Boottstrap t UCL 24004

95% H-UCL L (Log ROS) 5330

KM Me ean (logged) 1.602 95% H-UCL (KM -Log) 5196

KM S SD (logged) 2.66 95% C Critical H Valuue (KM-Log) 5.447

KM Standar  d Error of Me ean (logged) 0.75

Mean in Or riginal Scale 389.3 Mean i   n Log Scale 2.45

SD in Or riginal Scale 1554 SD i   n Log Scale 2.266

95% t U  UCL (Assumees normality) 1008 95%  H-Stat UCL 1885

95%  KM (t) UCL 1025 95% GROS S Adjusted G Gamma UCL 1914

95% Ad djusted Gammma KM-UCL 4888

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 19 Number r of Distinct O Observations 10

Numbe  er of Detects 2 Number of N Non-Detects 17

Nuumber of Disttinct Detects 2 Numbe  r of Distinct N Non-Detects 8

Minimmum Detect 40 Minimum  Non-Detect 1

Maximmum Detect 800 Maximum  Non-Detect 23

Variance Detects 288800 Percent N Non-Detects 89.47%

Meean Detects 420 SD Detects 537.4

Meddian Detects 420 CV Detects 1.28

Skewnness Detects N/A Kurtoosis Detects N/A

Mean of Loggged Detects 5.187 SD of Loggged Detects 2.118
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531

532

533

534
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538
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541
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545
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566
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569
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575
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577

578

579

580

581

582

583

Mean 45.11 Standard Er rror of Mean 57.8

SD 178.1 95% KM  (BCA) UCL N/A

95%  KM (t) UCL 145.3 95% KM (Pe ercentile Boootstrap) UCL N/A

95%  KM (z) UCL 140.2 995% KM Boottstrap t UCL N/A

990% KM Chebbyshev UCL 218.5 995% KM Chebbyshev UCL 297

97.5% KM Chebbyshev UCL 406 999% KM Chebbyshev UCL 620.2

k hat (MLE) 0.707 k s star (bias corrrected MLE) N/A

Thetta hat (MLE) 594 Theta s star (bias corrrected MLE) N/A

nnu hat (MLE) 2.828 nu star (bia  s corrected) N/A

MLLE Mean (bia  s corrected) N/A MLE Sd (bia  s corrected) N/A

k hat (KM) 0.0641 nu hat (KM) 2.436

Adjusted  Level of Signnificance (β) 0.0369

Appproximate Ch   hi Square Value (2.44, α) 0.227 Adjusted Ch   hi Square Value (2.44, β) 0.189

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 483.9 95% Gamma a Adjusted K M-UCL (use  when n<50) 582.7

Gaamma (KM) m may not be us sed when k ha at (KM) is < 0  0.1

Mean in Or riginal Scale 44.21 Mean i   n Log Scale -9.077

SD in Or riginal Scale 183.3 SD i   n Log Scale 6.355

95% t U  UCL (assumes s normality o   of ROS data) 117.1 95% P Percentile Boootstrap UCL 128.4

995% BCA Bootstrap UCL 174.7 95% Boottstrap t UCL 1249271

95% H-UCL L (Log ROS) 8.723E+12

Mean in Or riginal Scale 50.82 Mean i   n Log Scale 2.007

SD in Or riginal Scale 181.6 SD i   n Log Scale 1.632

95% t U  UCL (Assumees normality) 123.1 95%  H-Stat UCL 112.9

99% KM (Chebbyshev) UCL 620.2
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584

585
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594
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600
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615
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619
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631
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Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 19 Number r of Distinct O Observations 18

Numbe  er of Detects 16 Number of N Non-Detects 3

Nuumber of Disttinct Detects 15 Numbe  r of Distinct N Non-Detects 3

Minimmum Detect 3.6 Minimum  Non-Detect 10

Maximmum Detect 100000 Maximum  Non-Detect 12

Variance Detects 6.217E+8 Percent N Non-Detects 15.79%

Meean Detects 6545 SD Detects 24933

Meddian Detects 26.5 CV Detects 3.809

Skewnness Detects 3.993 Kurtoosis Detects 15.96

Mean of Loggged Detects 3.933 SD of Loggged Detects 2.87

Shhapiro Wilk T Test Statistic 0.289

5% Sh hapiro Wilk C Critical Value 0.887 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.494

5%% Lilliefors C Critical Value 0.222 DDetected Data a Not Norma  l at 5% Significance Leveel

Mean 5513 Standard Er rror of Mean 5279

SD 22282 95% KM  (BCA) UCL 15980

95%  KM (t) UCL 14668 95% KM (Pe ercentile Boootstrap) UCL 15978

95%  KM (z) UCL 14197 995% KM Boottstrap t UCL 462108

990% KM Chebbyshev UCL 21351 995% KM Chebbyshev UCL 28525

97.5% KM Chebbyshev UCL 38483 999% KM Chebbyshev UCL 58042

A-D T Test Statistic 2.808

5% A-D C Critical Value 0.923 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.352

5% K-S C Critical Value 0.242 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

k hat (MLE) 0.157 k s star (bias corrrected MLE) 0.169

Thetta hat (MLE) 41620 Theta s star (bias corrrected MLE) 38628

nnu hat (MLE) 5.032 nu star (bia  s corrected) 5.422

MLLE Mean (bia  s corrected) 6545 MLE Sd (bia  s corrected) 15901

k hat (KM) 0.0612 nu hat (KM) 2.326

Appproximate Ch   hi Square Value (2.33, α) 0.204 Adjusted Ch   hi Square Value (2.33, β) 0.171

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 62733 95% Gamma a Adjusted K M-UCL (use  when n<50) 75079

Gaamma (KM) m may not be us sed when k ha at (KM) is < 0  0.1
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637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

688

689

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar of  f detected da ata is small su uch as < 0.1

For s such situationns, GROS m ethod tends  to yield inflatted values of   UCLs and B TVs

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 5512

Maximum 100000 Median 8

SD 22893 CV 4.153

k hat (MLE) 0.13 k s star (bias corrrected MLE) 0.145

Thetta hat (MLE) 42375 Theta s star (bias corrrected MLE) 38111

nnu hat (MLE) 4.943 nu star (bia  s corrected) 5.496

MLLE Mean (bia  s corrected) 5512 MLE Sd (bia  s corrected) 14494

Adjusted  Level of Signnificance (β) 0.0369

Appproximate Ch   hi Square Value (5.50, α) 1.388 Adjusted Ch   hi Square Value (5.50, β) 1.217

995% Gamma  Approximate e UCL (use w when n>=50) 21827 95% Gamma Adjusteed UCL (use  when n<50) 24885

Shhapiro Wilk T Test Statistic 0.841

5% Sh hapiro Wilk C Critical Value 0.887 Deetected Data  Not Lognormmal at 5% Significance Levvel

Lilliefors T Test Statistic 0.178

5%% Lilliefors C Critical Value 0.222 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 5513 Mean i   n Log Scale 3.585

SD in Or riginal Scale 22892 SD i   n Log Scale 2.746

95% t U  UCL (assumes s normality o   of ROS data) 14620 95% P Percentile Boootstrap UCL 15972

995% BCA Bootstrap UCL 21616 95% Boottstrap t UCL 461902

95% H-UCL L (Log ROS) 59025

KM Me ean (logged) 3.583 95% H-UCL (KM -Log) 41147

KM S SD (logged) 2.677 95% C Critical H Valuue (KM-Log) 5.479

KM Standar  d Error of Me ean (logged) 0.635

Mean in Or riginal Scale 5513 Mean i   n Log Scale 3.581

SD in Or riginal Scale 22892 SD i   n Log Scale 2.75

95% t U  UCL (Assumees normality) 14620 95%  H-Stat UCL 59808

99% KM (Chebbyshev) UCL 58042

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.
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690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

713

714

715

716

717

718

719

720

721

722

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737

738

739

740

741

742

Total  Number of O Observations 19 Number r of Distinct O Observations 18

Number  of Missing O Observations 0

Minimum 1300 Mean 7716

Maximum 12000 Median 8500

SD 2452 Std. Er rror of Mean 562.6

Coefficient  of Variation 0.318 Skewness -0.957

Shhapiro Wilk T Test Statistic 0.939

5% Sh hapiro Wilk C Critical Value 0.901 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.152

5%% Lilliefors C Critical Value 0.203 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 8691 995% Adjustedd-CLT UCL ( Chen-1995) 8509

95% Modifieed-t UCL (Johhnson-1978) 8671

A-D T Test Statistic 1.165

5% A-D C Critical Value 0.742 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.196

5% K-S C Critical Value 0.199 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 6.348 k s star (bias corrrected MLE) 5.381

Thetta hat (MLE) 1215 Theta s star (bias corrrected MLE) 1434

nnu hat (MLE) 241.2 nu star (bia  s corrected) 204.5

MLLE Mean (bia  s corrected) 7716 MLE Sd (bia  s corrected) 3326

AApproximate  Chi Square V Value (0.05) 172.4

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 169.8

955% Approximmate Gamma  UCL (use wh hen n>=50)) 9152 95% Adjjusted Gammma UCL (use  when n<50) 9291

Shhapiro Wilk T Test Statistic 0.728

5% Sh hapiro Wilk C Critical Value 0.901 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.218

5%% Lilliefors C Critical Value 0.203 Data Not L Lognormal at   5% Significaance Level

MMinimum of L Logged Data 7.17 Mean of l  logged Data 8.87

MMaximum of L Logged Data 9.393 SD of l  logged Data 0.488
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743

744

745

746

747

748

749

750

751

752

753

754

755

756

757

758

759

760

761

762

763

764

765

766

767

768

769

770

771

772

773

774

775

776

777

778

779

780

781

782

783

784

785

786

787

788

789

790

791

792

793

794

795

95% H-UCL 10084 90% C Chebyshev (M MVUE) UCL 10723

95% C Chebyshev (M MVUE) UCL 11974 97.5% C Chebyshev (M MVUE) UCL 13711

99% C Chebyshev (M MVUE) UCL 17122

95% CLT UCL 8641 95% Jac ckknife UCL 8691

95%  Standard Bootstrap UCL 8621 95% Boottstrap-t UCL 8542

955% Hall's Boootstrap UCL 8541 95% P Percentile Boootstrap UCL 8579

995% BCA Bootstrap UCL 8474

90% Cheebyshev(Meaan, Sd) UCL 9404 95% Cheebyshev(Meaan, Sd) UCL 10168

97.5% Cheebyshev(Meaan, Sd) UCL 11229 99% Cheebyshev(Meaan, Sd) UCL 13313

95% Studdent's-t UCL 8691

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

These recommmendations s are based u upon the resuults of the sim mulation studdies summariized in Singh  h, Singh, and  Iaci (2002)

and Singh a and Singh (2 003). Howevver, simulationns results wil   ll not cover a   all Real World d data sets.

For addditional insighht the user m ay want to co onsult a statisstician.

Total  Number of O Observations 19 Number r of Distinct O Observations 16

Number  of Missing O Observations 0

Minimum 2.2 Mean 10.01

Maximum 31 Median 8.5

SD 7.826 Std. Er rror of Mean 1.795

Coefficient  of Variation 0.782 Skewness 1.291

Shhapiro Wilk T Test Statistic 0.848

5% Sh hapiro Wilk C Critical Value 0.901 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.191

5%% Lilliefors C Critical Value 0.203 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 13.12 995% Adjustedd-CLT UCL ( Chen-1995) 13.53

95% Modifieed-t UCL (Johhnson-1978) 13.21

A-D T Test Statistic 0.568

5% A-D C Critical Value 0.753 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.16
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796

797

798

799

800

801

802

803

804

805

806

807

808

809

810

811

812

813

814

815

816

817

818

819

820

821

822

823

824

825

826

827

828

829

830

831

832

833

834

835

836

837

838

839

840

841

842

843

844

845

846

847

848

5% K-S C Critical Value 0.201 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 1.861 k s star (bias corrrected MLE) 1.602

Thetta hat (MLE) 5.377 Theta s star (bias corrrected MLE) 6.245

nnu hat (MLE) 70.71 nu star (bia  s corrected) 60.88

MLLE Mean (bia  s corrected) 10.01 MLE Sd (bia  s corrected) 7.905

AApproximate  Chi Square V Value (0.05) 43.93

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 42.68

955% Approximmate Gamma  UCL (use wh hen n>=50)) 13.86 95% Adjjusted Gammma UCL (use  when n<50) 14.27

Shhapiro Wilk T Test Statistic 0.937

5% Sh hapiro Wilk C Critical Value 0.901 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.176

5%% Lilliefors C Critical Value 0.203 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 0.788 Mean of l  logged Data 2.011

MMaximum of L Logged Data 3.434 SD of l  logged Data 0.804

95% H-UCL 16.1 90% C Chebyshev (M MVUE) UCL 16.15

95% C Chebyshev (M MVUE) UCL 18.88 97.5% C Chebyshev (M MVUE) UCL 22.69

99% C Chebyshev (M MVUE) UCL 30.15

95% CLT UCL 12.96 95% Jac ckknife UCL 13.12

95%  Standard Bootstrap UCL 12.87 95% Boottstrap-t UCL 13.98

955% Hall's Boootstrap UCL 14.73 95% P Percentile Boootstrap UCL 12.94

995% BCA Bootstrap UCL 13.51

90% Cheebyshev(Meaan, Sd) UCL 15.39 95% Cheebyshev(Meaan, Sd) UCL 17.83

97.5% Cheebyshev(Meaan, Sd) UCL 21.22 99% Cheebyshev(Meaan, Sd) UCL 27.87

95% Studdent's-t UCL 13.12

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

These recommmendations s are based u upon the resuults of the sim mulation studdies summariized in Singh  h, Singh, and  Iaci (2002)

and Singh a and Singh (2 003). Howevver, simulationns results wil   ll not cover a   all Real World d data sets.

For addditional insighht the user m ay want to co onsult a statisstician.
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849

850

851

852

853

854

855

856

857

858

859

860

861

862

863

864

865

866

867

868

869

870

871

872

873

874

875

876

877

878

879

880

881

882

883

884

885

886

887

888

889

890

891

892

893

894

895

896

897

898

899

900

901

Total  Number of O Observations 19 Number r of Distinct O Observations 10

Number  of Missing O Observations 0

Minimum 8.9 Mean 15.52

Maximum 22 Median 15

SD 3.35 Std. Er rror of Mean 0.769

Coefficient  of Variation 0.216 Skewness 0.384

Shhapiro Wilk T Test Statistic 0.927

5% Sh hapiro Wilk C Critical Value 0.901 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.193

5%% Lilliefors C Critical Value 0.203 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 16.85 995% Adjustedd-CLT UCL ( Chen-1995) 16.86

95% Modifieed-t UCL (Johhnson-1978) 16.87

A-D T Test Statistic 0.617

5% A-D C Critical Value 0.74 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.175

5% K-S C Critical Value 0.198 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 22.59 k s star (bias corrrected MLE) 19.06

Thetta hat (MLE) 0.687 Theta s star (bias corrrected MLE) 0.814

nnu hat (MLE) 858.4 nu star (bia  s corrected) 724.2

MLLE Mean (bia  s corrected) 15.52 MLE Sd (bia  s corrected) 3.555

AApproximate  Chi Square V Value (0.05) 662.8

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 657.6

955% Approximmate Gamma  UCL (use wh hen n>=50)) 16.96 95% Adjjusted Gammma UCL (use  when n<50) 17.09

Shhapiro Wilk T Test Statistic 0.928

5% Sh hapiro Wilk C Critical Value 0.901 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.187

5%% Lilliefors C Critical Value 0.203 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 2.186 Mean of l  logged Data 2.72

MMaximum of L Logged Data 3.091 SD of l  logged Data 0.219

95% H-UCL 17.05 90% C Chebyshev (M MVUE) UCL 17.88

95% C Chebyshev (M MVUE) UCL 18.95 97.5% C Chebyshev (M MVUE) UCL 20.43

99% C Chebyshev (M MVUE) UCL 23.33
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902

903

904

905

906

907

908

909

910

911

912

913

914

915

916

917

918

919

920

921

922

923

924

925

926

927

928

929

930

931

932

933

934

935

936

937

938

939

940

941

942

943

944

945

946

947

948

949

950

951

952

953

954

95% CLT UCL 16.79 95% Jac ckknife UCL 16.85

95%  Standard Bootstrap UCL 16.76 95% Boottstrap-t UCL 16.88

955% Hall's Boootstrap UCL 16.85 95% P Percentile Boootstrap UCL 16.74

995% BCA Bootstrap UCL 16.84

90% Cheebyshev(Meaan, Sd) UCL 17.83 95% Cheebyshev(Meaan, Sd) UCL 18.87

97.5% Cheebyshev(Meaan, Sd) UCL 20.32 99% Cheebyshev(Meaan, Sd) UCL 23.17

95% Studdent's-t UCL 16.85

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

These recommmendations s are based u upon the resuults of the sim mulation studdies summariized in Singh  h, Singh, and  Iaci (2002)

and Singh a and Singh (2 003). Howevver, simulationns results wil   ll not cover a   all Real World d data sets.

For addditional insighht the user m ay want to co onsult a statisstician.

Total  Number of O Observations 19 Number r of Distinct O Observations 17

Number  of Missing O Observations 0

Minimum 1.4 Mean 4.937

Maximum 7.1 Median 4.6

SD 1.504 Std. Er rror of Mean 0.345

Coefficient  of Variation 0.305 Skewness -0.464

Shhapiro Wilk T Test Statistic 0.954

5% Sh hapiro Wilk C Critical Value 0.901 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.115

5%% Lilliefors C Critical Value 0.203 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 5.535 995% Adjustedd-CLT UCL ( Chen-1995) 5.465

95% Modifieed-t UCL (Johhnson-1978) 5.529

A-D T Test Statistic 0.501

5% A-D C Critical Value 0.741 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.108

5% K-S C Critical Value 0.199 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 8.804 k s star (bias corrrected MLE) 7.449

Thetta hat (MLE) 0.561 Theta s star (bias corrrected MLE) 0.663

nnu hat (MLE) 334.6 nu star (bia  s corrected) 283.1
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955

956

957

958

959

960

961

962

963

964

965

966

967

968

969

970

971

972

973

974

975

976

977

978

979

980

981

982

983

984

985

986

987

988

989

990

991

992

993

994

995

996

997

998

999

1000

1001

1002

1003

1004

1005

1006

1007

MLLE Mean (bia  s corrected) 4.937 MLE Sd (bia  s corrected) 1.809

AApproximate  Chi Square V Value (0.05) 245.1

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 242

955% Approximmate Gamma  UCL (use wh hen n>=50)) 5.702 95% Adjjusted Gammma UCL (use  when n<50) 5.774

Shhapiro Wilk T Test Statistic 0.846

5% Sh hapiro Wilk C Critical Value 0.901 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.135

5%% Lilliefors C Critical Value 0.203 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 0.336 Mean of l  logged Data 1.539

MMaximum of L Logged Data 1.96 SD of l  logged Data 0.382

95% H-UCL 5.953 90% C Chebyshev (M MVUE) UCL 6.334

95% C Chebyshev (M MVUE) UCL 6.942 97.5% C Chebyshev (M MVUE) UCL 7.786

99% C Chebyshev (M MVUE) UCL 9.443

95% CLT UCL 5.504 95% Jac ckknife UCL 5.535

95%  Standard Bootstrap UCL 5.478 95% Boottstrap-t UCL 5.493

955% Hall's Boootstrap UCL 5.455 95% P Percentile Boootstrap UCL 5.495

995% BCA Bootstrap UCL 5.468

90% Cheebyshev(Meaan, Sd) UCL 5.972 95% Cheebyshev(Meaan, Sd) UCL 6.441

97.5% Cheebyshev(Meaan, Sd) UCL 7.091 99% Cheebyshev(Meaan, Sd) UCL 8.369

95% Studdent's-t UCL 5.535

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

These recommmendations s are based u upon the resuults of the sim mulation studdies summariized in Singh  h, Singh, and  Iaci (2002)

and Singh a and Singh (2 003). Howevver, simulationns results wil   ll not cover a   all Real World d data sets.

For addditional insighht the user m ay want to co onsult a statisstician.

Total  Number of O Observations 19 Number r of Distinct O Observations 13

Number  of Missing O Observations 0

Minimum 1300 Mean 14174

Maximum 26000 Median 14000
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1008

1009

1010

1011

1012

1013

1014

1015

1016

1017

1018

1019

1020

1021

1022

1023

1024

1025

1026

1027

1028

1029

1030

1031

1032

1033

1034

1035

1036

1037

1038

1039

1040

1041

1042

1043

1044

1045

1046

1047

1048

1049

1050

1051

1052

1053

1054

1055

1056

1057

1058

1059

1060

SD 5229 Std. Er rror of Mean 1200

Coefficient  of Variation 0.369 Skewness -0.0349

Shhapiro Wilk T Test Statistic 0.945

5% Sh hapiro Wilk C Critical Value 0.901 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.153

5%% Lilliefors C Critical Value 0.203 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 16254 995% Adjustedd-CLT UCL ( Chen-1995) 16137

95% Modifieed-t UCL (Johhnson-1978) 16252

A-D T Test Statistic 1.222

5% A-D C Critical Value 0.744 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.227

5% K-S C Critical Value 0.199 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 4.559 k s star (bias corrrected MLE) 3.874

Thetta hat (MLE) 3109 Theta s star (bias corrrected MLE) 3659

nnu hat (MLE) 173.2 nu star (bia  s corrected) 147.2

MLLE Mean (bia  s corrected) 14174 MLE Sd (bia  s corrected) 7201

AApproximate  Chi Square V Value (0.05) 120.2

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 118

955% Approximmate Gamma  UCL (use wh hen n>=50)) 17363 95% Adjjusted Gammma UCL (use  when n<50) 17677

Shhapiro Wilk T Test Statistic 0.668

5% Sh hapiro Wilk C Critical Value 0.901 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.261

5%% Lilliefors C Critical Value 0.203 Data Not L Lognormal at   5% Significaance Level

MMinimum of L Logged Data 7.17 Mean of l  logged Data 9.445

MMaximum of L Logged Data 10.17 SD of l  logged Data 0.612

95% H-UCL 20720 90% C Chebyshev (M MVUE) UCL 21761

95% C Chebyshev (M MVUE) UCL 24786 97.5% C Chebyshev (M MVUE) UCL 28984

99% C Chebyshev (M MVUE) UCL 37232
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1061

1062

1063

1064

1065

1066

1067

1068

1069

1070

1071

1072

1073

1074

1075

1076

1077

1078

1079

1080

1081

1082

1083

1084

1085

1086

1087

1088

1089

1090

1091

1092

1093

1094

1095

1096

1097

1098

1099

1100

1101

1102

1103

1104

1105

1106

1107

1108

1109

1110

1111

1112

1113

95% CLT UCL 16147 95% Jac ckknife UCL 16254

95%  Standard Bootstrap UCL 16039 95% Boottstrap-t UCL 16310

955% Hall's Boootstrap UCL 16526 95% P Percentile Boootstrap UCL 16053

995% BCA Bootstrap UCL 15984

90% Cheebyshev(Meaan, Sd) UCL 17773 95% Cheebyshev(Meaan, Sd) UCL 19403

97.5% Cheebyshev(Meaan, Sd) UCL 21666 99% Cheebyshev(Meaan, Sd) UCL 26111

95% Studdent's-t UCL 16254

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

These recommmendations s are based u upon the resuults of the sim mulation studdies summariized in Singh  h, Singh, and  Iaci (2002)

and Singh a and Singh (2 003). Howevver, simulationns results wil   ll not cover a   all Real World d data sets.

For addditional insighht the user m ay want to co onsult a statisstician.

Total  Number of O Observations 19 Number r of Distinct O Observations 18

Number  of Missing O Observations 0

Minimum 14 Mean 164.8

Maximum 510 Median 110

SD 151.7 Std. Er rror of Mean 34.79

Coefficient  of Variation 0.92 Skewness 1.154

Shhapiro Wilk T Test Statistic 0.86

5% Sh hapiro Wilk C Critical Value 0.901 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.171

5%% Lilliefors C Critical Value 0.203 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 225.2 995% Adjustedd-CLT UCL ( Chen-1995) 231.9

95% Modifieed-t UCL (Johhnson-1978) 226.7

A-D T Test Statistic 0.223

5% A-D C Critical Value 0.764 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.118

5% K-S C Critical Value 0.203 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 1.196 k s star (bias corrrected MLE) 1.042

Thetta hat (MLE) 137.9 Theta s star (bias corrrected MLE) 158.2

nnu hat (MLE) 45.43 nu star (bia  s corrected) 39.59

MLLE Mean (bia  s corrected) 164.8 MLE Sd (bia  s corrected) 161.5
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1114

1115

1116

1117

1118

1119

1120

1121

1122

1123

1124

1125

1126

1127

1128

1129

1130

1131

1132

1133

1134

1135

1136

1137

1138

1139

1140

1141

1142

1143

1144

1145

1146

1147

1148

1149

1150

1151

1152

1153

1154

1155

1156

1157

1158

1159

1160

1161

1162

1163

1164

1165

1166

AApproximate  Chi Square V Value (0.05) 26.18

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 25.22

955% Approximmate Gamma  UCL (use wh hen n>=50)) 249.3 95% Adjjusted Gammma UCL (use  when n<50) 258.7

Shhapiro Wilk T Test Statistic 0.961

5% Sh hapiro Wilk C Critical Value 0.901 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.116

5%% Lilliefors C Critical Value 0.203 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 2.639 Mean of l  logged Data 4.632

MMaximum of L Logged Data 6.234 SD of l  logged Data 1.082

95% H-UCL 369.8 90% C Chebyshev (M MVUE) UCL 324.3

95% C Chebyshev (M MVUE) UCL 391.3 97.5% C Chebyshev (M MVUE) UCL 484.4

99% C Chebyshev (M MVUE) UCL 667.2

95% CLT UCL 222.1 95% Jac ckknife UCL 225.2

95%  Standard Bootstrap UCL 220.7 95% Boottstrap-t UCL 237.5

955% Hall's Boootstrap UCL 235 95% P Percentile Boootstrap UCL 223.9

995% BCA Bootstrap UCL 230.4

90% Cheebyshev(Meaan, Sd) UCL 269.2 95% Cheebyshev(Meaan, Sd) UCL 316.5

97.5% Cheebyshev(Meaan, Sd) UCL 382.1 99% Cheebyshev(Meaan, Sd) UCL 511

95% Studdent's-t UCL 225.2

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

These recommmendations s are based u upon the resuults of the sim mulation studdies summariized in Singh  h, Singh, and  Iaci (2002)

and Singh a and Singh (2 003). Howevver, simulationns results wil   ll not cover a   all Real World d data sets.

For addditional insighht the user m ay want to co onsult a statisstician.

Total  Number of O Observations 19 Number r of Distinct O Observations 15

Number  of Missing O Observations 0

Minimum 17 Mean 211.5

Maximum 390 Median 230

SD 97.91 Std. Er rror of Mean 22.46

Coefficient  of Variation 0.463 Skewness -0.0416
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1167

1168

1169

1170

1171

1172

1173

1174

1175

1176

1177

1178

1179

1180

1181

1182

1183

1184

1185

1186

1187

1188

1189

1190

1191

1192

1193

1194

1195

1196

1197

1198

1199

1200

1201

1202

1203

1204

1205

1206

1207

1208

1209

1210

1211

1212

1213

1214

1215

1216

1217

1218

1219

Shhapiro Wilk T Test Statistic 0.969

5% Sh hapiro Wilk C Critical Value 0.901 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.106

5%% Lilliefors C Critical Value 0.203 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 250.5 995% Adjustedd-CLT UCL ( Chen-1995) 248.2

95% Modifieed-t UCL (Johhnson-1978) 250.4

A-D T Test Statistic 0.768

5% A-D C Critical Value 0.748 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.159

5% K-S C Critical Value 0.2 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 3.054 k s star (bias corrrected MLE) 2.607

Thetta hat (MLE) 69.26 Theta s star (bias corrrected MLE) 81.14

nnu hat (MLE) 116.1 nu star (bia  s corrected) 99.07

MLLE Mean (bia  s corrected) 211.5 MLE Sd (bia  s corrected) 131

AApproximate  Chi Square V Value (0.05) 77.1

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 75.41

955% Approximmate Gamma  UCL (use wh hen n>=50)) 271.8 95% Adjjusted Gammma UCL (use  when n<50) 277.9

Shhapiro Wilk T Test Statistic 0.787

5% Sh hapiro Wilk C Critical Value 0.901 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.197

5%% Lilliefors C Critical Value 0.203 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 2.833 Mean of l  logged Data 5.182

MMaximum of L Logged Data 5.966 SD of l  logged Data 0.735

95% H-UCL 345 90% C Chebyshev (M MVUE) UCL 353.2

95% C Chebyshev (M MVUE) UCL 409.4 97.5% C Chebyshev (M MVUE) UCL 487.4

99% C Chebyshev (M MVUE) UCL 640.6

95% CLT UCL 248.5 95% Jac ckknife UCL 250.5

95%  Standard Bootstrap UCL 247.6 95% Boottstrap-t UCL 250.4

955% Hall's Boootstrap UCL 251.2 95% P Percentile Boootstrap UCL 246.3

995% BCA Bootstrap UCL 246.9
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1220

1221

1222

1223

1224

1225

1226

1227

1228

1229

1230

1231

1232

1233

1234

1235

1236

1237

1238

1239

1240

1241

1242

1243

1244

1245

1246

1247

1248

1249

1250

1251

1252

1253

1254

1255

1256

1257

1258

1259

1260

1261

1262

1263

1264

1265

1266

1267

1268

1269

1270

1271

1272

90% Cheebyshev(Meaan, Sd) UCL 278.9 95% Cheebyshev(Meaan, Sd) UCL 309.4

97.5% Cheebyshev(Meaan, Sd) UCL 351.8 99% Cheebyshev(Meaan, Sd) UCL 435

95% Studdent's-t UCL 250.5

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

These recommmendations s are based u upon the resuults of the sim mulation studdies summariized in Singh  h, Singh, and  Iaci (2002)

and Singh a and Singh (2 003). Howevver, simulationns results wil   ll not cover a   all Real World d data sets.

For addditional insighht the user m ay want to co onsult a statisstician.

Total  Number of O Observations 19 Number r of Distinct O Observations 19

Number  of Missing O Observations 0

Minimum 0.014 Mean 6.497

Maximum 110 Median 0.46

SD 25.08 Std. Er rror of Mean 5.754

Coefficient  of Variation 3.86 Skewness 4.349

Shhapiro Wilk T Test Statistic 0.271

5% Sh hapiro Wilk C Critical Value 0.901 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.498

5%% Lilliefors C Critical Value 0.203 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 16.48 995% Adjustedd-CLT UCL ( Chen-1995) 22.1

95% Modifieed-t UCL (Johhnson-1978) 17.43

A-D T Test Statistic 2.6

5% A-D C Critical Value 0.865 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.308

5% K-S C Critical Value 0.218 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 0.254 k s star (bias corrrected MLE) 0.249

Thetta hat (MLE) 25.54 Theta s star (bias corrrected MLE) 26.06

nnu hat (MLE) 9.668 nu star (bia  s corrected) 9.475

MLLE Mean (bia  s corrected) 6.497 MLE Sd (bia  s corrected) 13.01

AApproximate  Chi Square V Value (0.05) 3.616

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 3.306
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1273

1274

1275

1276

1277

1278

1279

1280

1281

1282

1283

1284

1285

1286

1287

1288

1289

1290

1291

1292

1293

1294

1295

1296

1297

1298

1299

1300

1301

1302

1303

1304

1305

1306

1307

1308

1309

1310

1311

1312

1313

1314

1315

1316

1317

1318

1319

1320

1321

1322

1323

1324

1325

955% Approximmate Gamma  UCL (use wh hen n>=50)) 17.02 95% Adjjusted Gammma UCL (use  when n<50) 18.62

Shhapiro Wilk T Test Statistic 0.949

5% Sh hapiro Wilk C Critical Value 0.901 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.101

5%% Lilliefors C Critical Value 0.203 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data -4.269 Mean of l  logged Data -0.913

MMaximum of L Logged Data 4.7 SD of l  logged Data 2.064

95% H-UCL 28.22 90% C Chebyshev (M MVUE) UCL 6.993

95% C Chebyshev (M MVUE) UCL 9.002 97.5% C Chebyshev (M MVUE) UCL 11.79

99% C Chebyshev (M MVUE) UCL 17.27

95% CLT UCL 15.96 95% Jac ckknife UCL 16.48

95%  Standard Bootstrap UCL 15.81 95% Boottstrap-t UCL 223.6

955% Hall's Boootstrap UCL 139.2 95% P Percentile Boootstrap UCL 17.93

995% BCA Bootstrap UCL 29.3

90% Cheebyshev(Meaan, Sd) UCL 23.76 95% Cheebyshev(Meaan, Sd) UCL 31.58

97.5% Cheebyshev(Meaan, Sd) UCL 42.43 99% Cheebyshev(Meaan, Sd) UCL 63.75

99% Cheebyshev (Meaan, Sd) UCL 63.75

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

These recommmendations s are based u upon the resuults of the sim mulation studdies summariized in Singh  h, Singh, and  Iaci (2002)

and Singh a and Singh (2 003). Howevver, simulationns results wil   ll not cover a   all Real World d data sets.

For addditional insighht the user m ay want to co onsult a statisstician.

Total  Number of O Observations 19 Number r of Distinct O Observations 16

Numbe  er of Detects 13 Number of N Non-Detects 6

Nuumber of Disttinct Detects 13 Numbe  r of Distinct N Non-Detects 3

Minimmum Detect 0.5 Minimum  Non-Detect 1

Maximmum Detect 1100 Maximum  Non-Detect 5.6

Variance Detects 92110 Percent N Non-Detects 31.58%

Meean Detects 90.93 SD Detects 303.5

Meddian Detects 1.4 CV Detects 3.338

Skewnness Detects 3.593 Kurtoosis Detects 12.93

Mean of Loggged Detects 1.143 SD of Loggged Detects 2.261

Shhapiro Wilk T Test Statistic 0.337
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1326

1327

1328

1329

1330

1331

1332

1333

1334

1335

1336

1337

1338

1339

1340

1341

1342

1343

1344

1345

1346

1347

1348

1349

1350

1351

1352

1353

1354

1355

1356

1357

1358

1359

1360

1361
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1363

1364

1365

1366

1367

1368

1369

1370

1371

1372

1373

1374

1375

1376

1377

1378

5% Sh hapiro Wilk C Critical Value 0.866 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.477

5%% Lilliefors C Critical Value 0.246 DDetected Data a Not Norma  l at 5% Significance Leveel

Mean 62.42 Standard Er rror of Mean 58.46

SD 244.8 95% KM  (BCA) UCL 177.2

95%  KM (t) UCL 163.8 95% KM (Pe ercentile Boootstrap) UCL 177.6

95%  KM (z) UCL 158.6 995% KM Boottstrap t UCL 4372

990% KM Chebbyshev UCL 237.8 995% KM Chebbyshev UCL 317.2

97.5% KM Chebbyshev UCL 427.5 999% KM Chebbyshev UCL 644.1

A-D T Test Statistic 2.353

5% A-D C Critical Value 0.866 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.337

5% K-S C Critical Value 0.261 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

k hat (MLE) 0.216 k s star (bias corrrected MLE) 0.217

Thetta hat (MLE) 421.1 Theta s star (bias corrrected MLE) 418.3

nnu hat (MLE) 5.614 nu star (bia  s corrected) 5.652

MLLE Mean (bia  s corrected) 90.93 MLE Sd (bia  s corrected) 195

k hat (KM) 0.065 nu hat (KM) 2.47

Appproximate Ch   hi Square Value (2.47, α) 0.234 Adjusted Ch   hi Square Value (2.47, β) 0.194

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 657.6 95% Gamma a Adjusted K M-UCL (use  when n<50) 792.9

Gaamma (KM) m may not be us sed when k ha at (KM) is < 0  0.1

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar of  f detected da ata is small su uch as < 0.1

For s such situationns, GROS m ethod tends  to yield inflatted values of   UCLs and B TVs

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 62.22

Maximum 1100 Median 0.6

SD 251.6 CV 4.043

k hat (MLE) 0.159 k s star (bias corrrected MLE) 0.169

Thetta hat (MLE) 392.1 Theta s star (bias corrrected MLE) 368.8

nnu hat (MLE) 6.031 nu star (bia  s corrected) 6.412

MLLE Mean (bia  s corrected) 62.22 MLE Sd (bia  s corrected) 151.5

Adjusted  Level of Signnificance (β) 0.0369

Appproximate Ch   hi Square Value (6.41, α) 1.854 Adjusted Ch   hi Square Value (6.41, β) 1.648

995% Gamma  Approximate e UCL (use w when n>=50) 215.2 95% Gamma Adjusteed UCL (use  when n<50) 242.1

Shhapiro Wilk T Test Statistic 0.799

5% Sh hapiro Wilk C Critical Value 0.866 Deetected Data  Not Lognormmal at 5% Significance Levvel

Lilliefors T Test Statistic 0.247

5%% Lilliefors C Critical Value 0.246 Deetected Data  Not Lognormmal at 5% Significance Levvel
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1379

1380

1381

1382
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1392

1393

1394

1395

1396

1397

1398

1399

1400

1401

1402

1403

1404

1405

1406

1407

1408

1409

1410

1411

1412

1413

1414

1415

1416

1417

1418

1419

1420

1421

1422

1423

1424

1425

1426

1427

1428

1429

1430

1431

Mean in Or riginal Scale 62.42 Mean i   n Log Scale 0.562

SD in Or riginal Scale 251.5 SD i   n Log Scale 2.091

95% t U  UCL (assumes s normality o   of ROS data) 162.5 95% P Percentile Boootstrap UCL 177.2

995% BCA Bootstrap UCL 241.2 95% Boottstrap t UCL 4221

95% H-UCL L (Log ROS) 137.6

Mean in Or riginal Scale 62.5 Mean i   n Log Scale 0.659

SD in Or riginal Scale 251.5 SD i   n Log Scale 2.02

95% t U  UCL (Assumees normality) 162.6 95%  H-Stat UCL 114.3

99% KM (Chebbyshev) UCL 644.1

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 19 Number r of Distinct O Observations 11

Number  of Missing O Observations 0

Minimum 5.2 Mean 23.69

Maximum 47 Median 22

SD 8.329 Std. Er rror of Mean 1.911

Coefficient  of Variation 0.352 Skewness 0.736

Shhapiro Wilk T Test Statistic 0.904

5% Sh hapiro Wilk C Critical Value 0.901 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.16

5%% Lilliefors C Critical Value 0.203 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 27.01 995% Adjustedd-CLT UCL ( Chen-1995) 27.18

95% Modifieed-t UCL (Johhnson-1978) 27.06

A-D T Test Statistic 0.866

5% A-D C Critical Value 0.742 Daata Not Gammma Distributeed at 5% Signnificance Levvel
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1477

1478
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1480
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K-S T Test Statistic 0.185

5% K-S C Critical Value 0.199 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 7.164 k s star (bias corrrected MLE) 6.068

Thetta hat (MLE) 3.307 Theta s star (bias corrrected MLE) 3.905

nnu hat (MLE) 272.2 nu star (bia  s corrected) 230.6

MLLE Mean (bia  s corrected) 23.69 MLE Sd (bia  s corrected) 9.619

AApproximate  Chi Square V Value (0.05) 196.4

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 193.7

955% Approximmate Gamma  UCL (use wh hen n>=50)) 27.81 95% Adjjusted Gammma UCL (use  when n<50) 28.21

Shhapiro Wilk T Test Statistic 0.8

5% Sh hapiro Wilk C Critical Value 0.901 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.219

5%% Lilliefors C Critical Value 0.203 Data Not L Lognormal at   5% Significaance Level

MMinimum of L Logged Data 1.649 Mean of l  logged Data 3.094

MMaximum of L Logged Data 3.85 SD of l  logged Data 0.43

95% H-UCL 29.46 90% C Chebyshev (M MVUE) UCL 31.38

95% C Chebyshev (M MVUE) UCL 34.69 97.5% C Chebyshev (M MVUE) UCL 39.28

99% C Chebyshev (M MVUE) UCL 48.3

95% CLT UCL 26.84 95% Jac ckknife UCL 27.01

95%  Standard Bootstrap UCL 26.8 95% Boottstrap-t UCL 27.42

955% Hall's Boootstrap UCL 28.44 95% P Percentile Boootstrap UCL 26.89

995% BCA Bootstrap UCL 27.22

90% Cheebyshev(Meaan, Sd) UCL 29.43 95% Cheebyshev(Meaan, Sd) UCL 32.02

97.5% Cheebyshev(Meaan, Sd) UCL 35.63 99% Cheebyshev(Meaan, Sd) UCL 42.71

95% Studdent's-t UCL 27.01

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

These recommmendations s are based u upon the resuults of the sim mulation studdies summariized in Singh  h, Singh, and  Iaci (2002)

and Singh a and Singh (2 003). Howevver, simulationns results wil   ll not cover a   all Real World d data sets.

For addditional insighht the user m ay want to co onsult a statisstician.



A B C D E F G H I J

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

Datee/Time of Co omputation ProUCL 5.1110/27/2016 9:00:30 PM

From File WACC Soil- 0-10 COC.xls

Full l Precision OFF

Total N = 30 0

Number NDs s = 12

Number Detects = 18

10% critical  value: 0.424

5% critical v alue: 0.475

1% critical v alue: 0.561

Note: NDs e excluded from m Outlier Testt

Test Statisticc: 0.988

For 10% significance leveel, 100000 is   an outlier.

For 5% significance level  l, 100000 is a an outlier.

For 1% significance level  l, 100000 is a an outlier.

Test Statisticc: 0.001

For 10% significance leveel, 3.6 is not  an outlier.

For 5% significance level  l, 3.6 is not a   n outlier.

For 1% significance level  l, 3.6 is not a   n outlier.

Total N = 30 0

Number NDs s = 20

Number Detects = 10

10% critical  value: 0.409

5% critical v alue: 0.477

1% critical v alue: 0.597

Note: NDs e excluded from m Outlier Testt

Test Statisticc: 0.950

For 10% significance leveel, 6800 is an  n outlier.

For 5% significance level  l, 6800 is an  outlier.

For 1% significance level  l, 6800 is an  outlier.
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Test Statisticc: 0.001

For 10% significance leveel, 0.17 is no   t an outlier.

For 5% significance level  l, 0.17 is not  an outlier.

For 1% significance level  l, 0.17 is not  an outlier.

Total N = 30 0

Number NDs s = 10

Number Detects = 20

10% critical  value: 0.401

5% critical v alue: 0.45

1% critical v alue: 0.535

Note: NDs e excluded from m Outlier Testt

Test Statisticc: 0.805

For 10% significance leveel, 13000 is a an outlier.

For 5% significance level  l, 13000 is an  n outlier.

For 1% significance level  l, 13000 is an  n outlier.

Test Statisticc: 0.031

For 10% significance leveel, 7.4 is not  an outlier.

For 5% significance level  l, 7.4 is not a   n outlier.

For 1% significance level  l, 7.4 is not a   n outlier.

Total N = 30 0

Number NDs s = 10

Number Detects = 20

10% critical  value: 0.401

5% critical v alue: 0.45

1% critical v alue: 0.535

Note: NDs e excluded from m Outlier Testt

Test Statisticc: 0.758

For 10% significance leveel, 10000 is a an outlier.

For 5% significance level  l, 10000 is an  n outlier.

For 1% significance level  l, 10000 is an  n outlier.
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Test Statisticc: 0.037

For 10% significance leveel, 9 is not an  n outlier.

For 5% significance level  l, 9 is not an  outlier.

For 1% significance level  l, 9 is not an  outlier.

Total N = 30 0

Number NDs s = 10

Number Detects = 20

10% critical  value: 0.401

5% critical v alue: 0.45

1% critical v alue: 0.535

Note: NDs e excluded from m Outlier Testt

Test Statisticc: 0.767

For 10% significance leveel, 12000 is a an outlier.

For 5% significance level  l, 12000 is an  n outlier.

For 1% significance level  l, 12000 is an  n outlier.

Test Statisticc: 0.045

For 10% significance leveel, 11 is not a an outlier.

For 5% significance level  l, 11 is not an  n outlier.

For 1% significance level  l, 11 is not an  n outlier.

Total N = 30 0

Number NDs s = 12

Number Detects = 18

10% critical  value: 0.424

5% critical v alue: 0.475

1% critical v alue: 0.561

Note: NDs e excluded from m Outlier Testt

Test Statisticc: 0.823

For 10% significance leveel, 6500 is an  n outlier.

For 5% significance level  l, 6500 is an  outlier.

For 1% significance level  l, 6500 is an  outlier.
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Test Statisticc: 0.045

For 10% significance leveel, 7.1 is not  an outlier.

For 5% significance level  l, 7.1 is not a   n outlier.

For 1% significance level  l, 7.1 is not a   n outlier.



Total Number of Data = 30

Number of Non-Detects = 12

Number of Detects = 18

Detected Mean = 5820

Detected Sd = 23516

Slope (displayed data) = 7686

Intercept (displayed data)= 3496

Correlation, R = 0.41

Best Fit Line
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Total Number of Data = 30

Number of Non-Detects = 20

Number of Detects = 10

Detected Mean = 731.2

Detected Sd = 2135

Slope (displayed data) = 537.5

Intercept (displayed data)= 251.5

Correlation, R = 0.422

Best Fit Line
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N = 30

Mean = 729.4

Sd = 1918

Slope = 1232

Intercept = 729.4

Correlation, R = 0.625

Best Fit Line
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User Seleccted Options

Datee/Time of Co omputation ProUCL 5.133/22/2017 11 :36:30 AM

From File WACC Surfaace Soil- 0-2--HS.xls

Full  Precision OFF

CConfidence C Coefficient 95%

Number o   f Bootstrap O Operations 2000

Total  Number of O Observations 18 Number r of Distinct O Observations 18

Number  of Missing O Observations 0

Minimum 7.4 Mean 486.5

Maximum 2600 Median 190

SD 722.4 Std. Er rror of Mean 170.3

Coefficient  of Variation 1.485 Skewness 2.308

Shhapiro Wilk T Test Statistic 0.636

5% Sh hapiro Wilk C Critical Value 0.897 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.298

5%% Lilliefors C Critical Value 0.202 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 782.7 995% Adjustedd-CLT UCL ( Chen-1995) 865.5

95% Modifieed-t UCL (Johhnson-1978) 798.1

A-D T Test Statistic 0.683

5% A-D C Critical Value 0.783 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.187

5% K-S C Critical Value 0.212 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 0.692 k s star (bias corrrected MLE) 0.614

Thetta hat (MLE) 703 Theta s star (bias corrrected MLE) 792.7

nnu hat (MLE) 24.91 nu star (bia  s corrected) 22.09

MLLE Mean (bia  s corrected) 486.5 MLE Sd (bia  s corrected) 621

AApproximate  Chi Square V Value (0.05) 12.41

Adjusted Level of S Significance 0.0357 Adjusted Chi Sq quare Value 11.71

995% Approximmate Gamma a UCL (use w when n>=50) 866.2 95% Adjjusted Gammma UCL (use  when n<50) 917.5

Shhapiro Wilk T Test Statistic 0.943

5% Sh hapiro Wilk C Critical Value 0.897 Data appear r Lognormal a at 5% Significcance Level
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Lilliefors T Test Statistic 0.173

5%% Lilliefors C Critical Value 0.202 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 2.001 Mean of l  logged Data 5.312

MMaximum of L Logged Data 7.863 SD of l  logged Data 1.483

95% H-UCL 2074 90% C Chebyshev (M MVUE) UCL 1216

95% C Chebyshev (M MVUE) UCL 1520 97.5% C Chebyshev (M MVUE) UCL 1942

99% C Chebyshev (M MVUE) UCL 2771

95% CLT UCL 766.5 95% Jac ckknife UCL 782.7

95%  Standard Bootstrap UCL 756.1 95% Boottstrap-t UCL 1276

955% Hall's Boootstrap UCL 2005 95% P Percentile Boootstrap UCL 786.1

995% BCA Bootstrap UCL 877.8

90% Cheebyshev(Meaan, Sd) UCL 997.3 95% Cheebyshev(Meaan, Sd) UCL 1229

97.5% Cheebyshev(Meaan, Sd) UCL 1550 99% Cheebyshev(Meaan, Sd) UCL 2181

95% % Adjusted G Gamma UCL 917.5

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 18 Number r of Distinct O Observations 16

Number  of Missing O Observations 0

Minimum 9 Mean 478.2

Maximum 2500 Median 185

SD 697.5 Std. Er rror of Mean 164.4

Coefficient  of Variation 1.459 Skewness 2.243

Shhapiro Wilk T Test Statistic 0.635

5% Sh hapiro Wilk C Critical Value 0.897 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.345

5%% Lilliefors C Critical Value 0.202 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 764.2 995% Adjustedd-CLT UCL ( Chen-1995) 841.5
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95% Modifieed-t UCL (Johhnson-1978) 778.7

A-D T Test Statistic 0.899

5% A-D C Critical Value 0.779 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.211

5% K-S C Critical Value 0.212 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 0.735 k s star (bias corrrected MLE) 0.65

Thetta hat (MLE) 650.3 Theta s star (bias corrrected MLE) 735.9

nnu hat (MLE) 26.47 nu star (bia  s corrected) 23.39

MLLE Mean (bia  s corrected) 478.2 MLE Sd (bia  s corrected) 593.2

AApproximate  Chi Square V Value (0.05) 13.39

Adjusted Level of S Significance 0.0357 Adjusted Chi Sq quare Value 12.66

995% Approximmate Gamma a UCL (use w when n>=50) 835.5 95% Adjjusted Gammma UCL (use  when n<50) 883.3

Shhapiro Wilk T Test Statistic 0.934

5% Sh hapiro Wilk C Critical Value 0.897 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.185

5%% Lilliefors C Critical Value 0.202 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 2.197 Mean of l  logged Data 5.354

MMaximum of L Logged Data 7.824 SD of l  logged Data 1.398

95% H-UCL 1698 90% C Chebyshev (M MVUE) UCL 1100

95% C Chebyshev (M MVUE) UCL 1367 97.5% C Chebyshev (M MVUE) UCL 1737

99% C Chebyshev (M MVUE) UCL 2464

95% CLT UCL 748.6 95% Jac ckknife UCL 764.2

95%  Standard Bootstrap UCL 737.9 95% Boottstrap-t UCL 1242

955% Hall's Boootstrap UCL 996 95% P Percentile Boootstrap UCL 771.1

995% BCA Bootstrap UCL 829.9

90% Cheebyshev(Meaan, Sd) UCL 971.4 95% Cheebyshev(Meaan, Sd) UCL 1195

97.5% Cheebyshev(Meaan, Sd) UCL 1505 99% Cheebyshev(Meaan, Sd) UCL 2114

95% % Adjusted G Gamma UCL 883.3

When a da ata set followws an approxiimate (e.g., n normal) distribbution passinng one of the  GOF test

When appliccable, it is su uggested to u use a UCL ba ased upon a   distribution ( e.g., gamma  ) passing bot th GOF tests s in ProUCL
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Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 18 Number r of Distinct O Observations 17

Number  of Missing O Observations 0

Minimum 11 Mean 842.1

Maximum 4400 Median 255

SD 1198 Std. Er rror of Mean 282.4

Coefficient  of Variation 1.423 Skewness 2.045

Shhapiro Wilk T Test Statistic 0.683

5% Sh hapiro Wilk C Critical Value 0.897 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.325

5%% Lilliefors C Critical Value 0.202 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 1333 995% Adjustedd-CLT UCL ( Chen-1995) 1452

95% Modifieed-t UCL (Johhnson-1978) 1356

A-D T Test Statistic 0.781

5% A-D C Critical Value 0.785 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.193

5% K-S C Critical Value 0.213 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 0.668 k s star (bias corrrected MLE) 0.594

Thetta hat (MLE) 1261 Theta s star (bias corrrected MLE) 1418

nnu hat (MLE) 24.05 nu star (bia  s corrected) 21.37

MLLE Mean (bia  s corrected) 842.1 MLE Sd (bia  s corrected) 1093

AApproximate  Chi Square V Value (0.05) 11.87

Adjusted Level of S Significance 0.0357 Adjusted Chi Sq quare Value 11.19

995% Approximmate Gamma a UCL (use w when n>=50) 1516 95% Adjjusted Gammma UCL (use  when n<50) 1608

Shhapiro Wilk T Test Statistic 0.941

5% Sh hapiro Wilk C Critical Value 0.897 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.169

5%% Lilliefors C Critical Value 0.202 Data appear r Lognormal a at 5% Significcance Level
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MMinimum of L Logged Data 2.398 Mean of l  logged Data 5.825

MMaximum of L Logged Data 8.389 SD of l  logged Data 1.519

95% H-UCL 3850 90% C Chebyshev (M MVUE) UCL 2159

95% C Chebyshev (M MVUE) UCL 2705 97.5% C Chebyshev (M MVUE) UCL 3464

99% C Chebyshev (M MVUE) UCL 4953

95% CLT UCL 1307 95% Jac ckknife UCL 1333

95%  Standard Bootstrap UCL 1303 95% Boottstrap-t UCL 1730

955% Hall's Boootstrap UCL 1508 95% P Percentile Boootstrap UCL 1335

995% BCA Bootstrap UCL 1452

90% Cheebyshev(Meaan, Sd) UCL 1689 95% Cheebyshev(Meaan, Sd) UCL 2073

97.5% Cheebyshev(Meaan, Sd) UCL 2606 99% Cheebyshev(Meaan, Sd) UCL 3652

95% % Adjusted G Gamma UCL 1608

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 18 Number r of Distinct O Observations 17

Numbe  er of Detects 17 Number of N Non-Detects 1

Nuumber of Disttinct Detects 16 Numbe  r of Distinct N Non-Detects 1

Minimmum Detect 7.1 Minimum  Non-Detect 7.4

Maximmum Detect 1300 Maximum  Non-Detect 7.4

Variance Detects 166472 Percent N Non-Detects 5.556%

Meean Detects 315.2 SD Detects 408

Meddian Detects 110 CV Detects 1.295

Skewnness Detects 1.676 Kurtoosis Detects 1.713

Mean of Loggged Detects 4.999 SD of Loggged Detects 1.324

Shhapiro Wilk T Test Statistic 0.702

5% Sh hapiro Wilk C Critical Value 0.892 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.304

5%% Lilliefors C Critical Value 0.207 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 298.1 KM M Standard Er rror of Mean 95.02

KM SD 391.1 95% KM  (BCA) UCL 473.6

95%  KM (t) UCL 463.4 95% KM (Pe ercentile Boootstrap) UCL 457.4
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95%  KM (z) UCL 454.4 995% KM Boottstrap t UCL 572.8

990% KM Chebbyshev UCL 583.1 995% KM Chebbyshev UCL 712.2

97.5% KM Chebbyshev UCL 891.5 999% KM Chebbyshev UCL 1243

A-D T Test Statistic 0.988

5% A-D C Critical Value 0.775 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.242

5% K-S C Critical Value 0.217 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

k hat (MLE) 0.788 k s star (bias corrrected MLE) 0.689

Thetta hat (MLE) 399.7 Theta s star (bias corrrected MLE) 457.8

nnu hat (MLE) 26.81 nu star (bia  s corrected) 23.41

Mean (detects) 315.2

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 297.7

Maximum 1300 Median 98

SD 402.7 CV 1.353

k hat (MLE) 0.514 k s star (bias corrrected MLE) 0.465

Thetta hat (MLE) 579.2 Theta s star (bias corrrected MLE) 639.7

nnu hat (MLE) 18.5 nu star (bia  s corrected) 16.75

Adjusted  Level of Signnificance (β) 0.0357

Apprroximate Chi  Square Valuue (16.75, α) 8.496 AAdjusted Chi  Square Valuue (16.75, β) 7.935

995% Gamma  Approximate e UCL (use w when n>=50) 587 95% Gamma Adjusteed UCL (use  when n<50) 628.4

Mean (KM) 298.1 SD (KM) 391.1

Vaariance (KM) 152955 SE of  f Mean (KM) 95.02

k hat (KM) 0.581 k star (KM) 0.521

nu hat (KM) 20.91 nnu star (KM) 18.76

theeta hat (KM) 513.2 theeta star (KM) 572

80% % gamma perccentile (KM) 490.3 90% % gamma perccentile (KM) 799.5

95% % gamma perccentile (KM) 1128 99% % gamma perccentile (KM) 1934

Apprroximate Chi  Square Valuue (18.76, α) 9.941 AAdjusted Chi  Square Valuue (18.76, β) 9.329

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 562.4 95% Gamma a Adjusted K M-UCL (use  when n<50) 599.4

Shhapiro Wilk T Test Statistic 0.923

5% Sh hapiro Wilk C Critical Value 0.892 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.177

5%% Lilliefors C Critical Value 0.207 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel
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Mean in Or riginal Scale 298.3 Mean i   n Log Scale 4.858

SD in Or riginal Scale 402.2 SD i   n Log Scale 1.417

95% t U  UCL (assumes s normality o   of ROS data) 463.3 95% P Percentile Boootstrap UCL 461.6

995% BCA Bootstrap UCL 488.4 95% Boottstrap t UCL 579.8

95% H-UCL L (Log ROS) 1089

KM Me ean (logged) 4.83 KM M Geo Mean 125.2

KM S SD (logged) 1.429 95% C Critical H Valuue (KM-Log) 3.314

KM Standar  d Error of Me ean (logged) 0.347 95% H-UCL (KM -Log) 1096

KM S SD (logged) 1.429 95% C Critical H Valuue (KM-Log) 3.314

KM Standar  d Error of Me ean (logged) 0.347

Mean in Or riginal Scale 297.9 Mean i   n Log Scale 4.794

SD in Or riginal Scale 402.6 SD i   n Log Scale 1.551

95% t U  UCL (Assumees normality) 462.9 95%  H-Stat UCL 1512

95% KM (Chebbyshev) UCL 712.2

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 18 Number r of Distinct O Observations 16

Number  of Missing O Observations 0

Minimum 5.4 Mean 148.3

Maximum 630 Median 68

SD 176.6 Std. Er rror of Mean 41.62

Coefficient  of Variation 1.19 Skewness 1.725

Shhapiro Wilk T Test Statistic 0.72

5% Sh hapiro Wilk C Critical Value 0.897 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.342

5%% Lilliefors C Critical Value 0.202 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 220.7 995% Adjustedd-CLT UCL ( Chen-1995) 234.9



A B C D E F G H I J K L

372
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402
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410
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414
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417

418

419

420

421

422

423

424

95% Modifieed-t UCL (Johhnson-1978) 223.6

A-D T Test Statistic 0.844

5% A-D C Critical Value 0.771 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.213

5% K-S C Critical Value 0.21 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 0.913 k s star (bias corrrected MLE) 0.798

Thetta hat (MLE) 162.5 Theta s star (bias corrrected MLE) 186

nnu hat (MLE) 32.86 nu star (bia  s corrected) 28.72

MLLE Mean (bia  s corrected) 148.3 MLE Sd (bia  s corrected) 166.1

AApproximate  Chi Square V Value (0.05) 17.49

Adjusted Level of S Significance 0.0357 Adjusted Chi Sq quare Value 16.65

955% Approximmate Gamma  UCL (use wh hen n>=50)) 243.6 95% Adjjusted Gammma UCL (use  when n<50) 255.9

Shhapiro Wilk T Test Statistic 0.926

5% Sh hapiro Wilk C Critical Value 0.897 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.163

5%% Lilliefors C Critical Value 0.202 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 1.686 Mean of l  logged Data 4.36

MMaximum of L Logged Data 6.446 SD of l  logged Data 1.249

95% H-UCL 426.2 90% C Chebyshev (M MVUE) UCL 320.6

95% C Chebyshev (M MVUE) UCL 393.6 97.5% C Chebyshev (M MVUE) UCL 495.1

99% C Chebyshev (M MVUE) UCL 694.3

95% CLT UCL 216.8 95% Jac ckknife UCL 220.7

95%  Standard Bootstrap UCL 216.3 95% Boottstrap-t UCL 268

955% Hall's Boootstrap UCL 217.3 95% P Percentile Boootstrap UCL 218.3

995% BCA Bootstrap UCL 228.1

90% Cheebyshev(Meaan, Sd) UCL 273.2 95% Cheebyshev(Meaan, Sd) UCL 329.7

97.5% Cheebyshev(Meaan, Sd) UCL 408.2 99% Cheebyshev(Meaan, Sd) UCL 562.4

95% Cheebyshev (Meaan, Sd) UCL 329.7

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).



A B C D E F G H I J K L

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 18 Number r of Distinct O Observations 14

Numbe  er of Detects 8 Number of N Non-Detects 10

Nuumber of Disttinct Detects 8 Numbe  r of Distinct N Non-Detects 6

Minimmum Detect 0.39 Minimum  Non-Detect 1

Maximmum Detect 340 Maximum  Non-Detect 23

Variance Detects 13760 Percent N Non-Detects 55.56%

Meean Detects 63.98 SD Detects 117.3

Meddian Detects 11.9 CV Detects 1.833

Skewnness Detects 2.371 Kurtoosis Detects 5.729

Mean of Loggged Detects 2.344 SD of Loggged Detects 2.398

Shhapiro Wilk T Test Statistic 0.625

5% Sh hapiro Wilk C Critical Value 0.818 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.357

5%% Lilliefors C Critical Value 0.283 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 30.37 KM M Standard Er rror of Mean 19.98

KM SD 79.16 95% KM  (BCA) UCL 62.73

95%  KM (t) UCL 65.13 95% KM (Pe ercentile Boootstrap) UCL 66.12

95%  KM (z) UCL 63.24 995% KM Boottstrap t UCL 257.8

990% KM Chebbyshev UCL 90.31 995% KM Chebbyshev UCL 117.5

97.5% KM Chebbyshev UCL 155.1 999% KM Chebbyshev UCL 229.2

A-D T Test Statistic 0.311

5% A-D C Critical Value 0.785 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.175

5% K-S C Critical Value 0.314 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 0.368 k s star (bias corrrected MLE) 0.313

Thetta hat (MLE) 174 Theta s star (bias corrrected MLE) 204.3

nnu hat (MLE) 5.882 nu star (bia  s corrected) 5.01

Mean (detects) 63.98

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 28.66

Maximum 340 Median 0.2

SD 82 CV 2.861



A B C D E F G H I J K L

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495
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509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

k hat (MLE) 0.167 k s star (bias corrrected MLE) 0.176

Thetta hat (MLE) 172 Theta s star (bias corrrected MLE) 162.9

nnu hat (MLE) 5.999 nu star (bia  s corrected) 6.333

Adjusted  Level of Signnificance (β) 0.0357

Appproximate Ch   hi Square Value (6.33, α) 1.812 Adjusted Ch   hi Square Value (6.33, β) 1.59

995% Gamma  Approximate e UCL (use w when n>=50) 100.1 95% Gamma Adjusteed UCL (use  when n<50) 114.1

Mean (KM) 30.37 SD (KM) 79.16

Vaariance (KM) 6266 SE of  f Mean (KM) 19.98

k hat (KM) 0.147 k star (KM) 0.16

nu hat (KM) 5.301 nnu star (KM) 5.751

theeta hat (KM) 206.3 theeta star (KM) 190.1

80% % gamma perccentile (KM) 34.73 90% % gamma perccentile (KM) 90.76

95% % gamma perccentile (KM) 165.1 99% % gamma perccentile (KM) 378

Appproximate Ch   hi Square Value (5.75, α) 1.514 Adjusted Ch   hi Square Value (5.75, β) 1.316

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 115.4 95% Gamma a Adjusted K M-UCL (use  when n<50) 132.7

Shhapiro Wilk T Test Statistic 0.951

5% Sh hapiro Wilk C Critical Value 0.818 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.153

5%% Lilliefors C Critical Value 0.283 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 29.62 Mean i   n Log Scale 1.236

SD in Or riginal Scale 81.66 SD i   n Log Scale 1.975

95% t U  UCL (assumes s normality o   of ROS data) 63.1 95% P Percentile Boootstrap UCL 63.44

995% BCA Bootstrap UCL 88.77 95% Boottstrap t UCL 296.7

95% H-UCL L (Log ROS) 186.8

KM Me ean (logged) 1.201 KM M Geo Mean 3.323

KM S SD (logged) 2.1 95% C Critical H Valuue (KM-Log) 4.496

KM Standar  d Error of Me ean (logged) 0.665 95% H-UCL (KM -Log) 297.7

KM S SD (logged) 2.1 95% C Critical H Valuue (KM-Log) 4.496

KM Standar  d Error of Me ean (logged) 0.665

Mean in Or riginal Scale 33.13 Mean i   n Log Scale 2.096

SD in Or riginal Scale 80.5 SD i   n Log Scale 1.707

95% t U  UCL (Assumees normality) 66.14 95%  H-Stat UCL 167.6

a Adjusted KM M-UCL (use w when k<=1 a nd 15 < n < 5  50 but k<=1) 132.7
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Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 19 Number r of Distinct O Observations 10

Numbe  er of Detects 2 Number of N Non-Detects 17

Nuumber of Disttinct Detects 2 Numbe  r of Distinct N Non-Detects 8

Minimmum Detect 40 Minimum  Non-Detect 1

Maximmum Detect 800 Maximum  Non-Detect 23

Variance Detects 288800 Percent N Non-Detects 89.47%

Meean Detects 420 SD Detects 537.4

Meddian Detects 420 CV Detects 1.28

Skewnness Detects N/A Kurtoosis Detects N/A

Mean of Loggged Detects 5.187 SD of Loggged Detects 2.118

KM Mean 45.11 KM M Standard Er rror of Mean 57.8

KM SD 178.1 95% KM  (BCA) UCL N/A

95%  KM (t) UCL 145.3 95% KM (Pe ercentile Boootstrap) UCL N/A

95%  KM (z) UCL 140.2 995% KM Boottstrap t UCL N/A

990% KM Chebbyshev UCL 218.5 995% KM Chebbyshev UCL 297

97.5% KM Chebbyshev UCL 406 999% KM Chebbyshev UCL 620.2

k hat (MLE) 0.707 k s star (bias corrrected MLE) N/A

Thetta hat (MLE) 594 Theta s star (bias corrrected MLE) N/A

nnu hat (MLE) 2.828 nu star (bia  s corrected) N/A

Mean (detects) 420

Mean (KM) 45.11 SD (KM) 178.1

Vaariance (KM) 31735 SE of  f Mean (KM) 57.8

k hat (KM) 0.0641 k star (KM) 0.0891

nu hat (KM) 2.436 nnu star (KM) 3.385

theeta hat (KM) 703.6 theeta star (KM) 506.4

80% % gamma perccentile (KM) 26.1 90% % gamma perccentile (KM) 113.7

95% % gamma perccentile (KM) 262.8 99% % gamma perccentile (KM) 758.6
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586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612
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619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

Adjusted  Level of Signnificance (β) 0.0369

Appproximate Ch   hi Square Value (3.38, α) 0.495 Adjusted Ch   hi Square Value (3.38, β) 0.414

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 308.4 95% Gamma a Adjusted K M-UCL (use  when n<50) 369.1

95% Ga amma Adjusteed KM-UCL ( (use when k< <=1 and 15 <   n < 50)

Mean in Or riginal Scale 44.21 Mean i   n Log Scale -9.077

SD in Or riginal Scale 183.3 SD i   n Log Scale 6.355

95% t U  UCL (assumes s normality o   of ROS data) 117.1 95% P Percentile Boootstrap UCL 126.3

995% BCA Bootstrap UCL 170.5 95% Boottstrap t UCL 1247888

95% H-UCL L (Log ROS) 8.723E+12

KM Me ean (logged) 0.546 KM M Geo Mean 1.726

KM S SD (logged) 1.664 95% C Critical H Valuue (KM-Log) 3.664

KM Standar  d Error of Me ean (logged) 0.54 95% H-UCL (KM -Log) 29.03

KM S SD (logged) 1.664 95% C Critical H Valuue (KM-Log) 3.664

KM Standar  d Error of Me ean (logged) 0.54

Mean in Or riginal Scale 50.82 Mean i   n Log Scale 2.007

SD in Or riginal Scale 181.6 SD i   n Log Scale 1.632

95% t U  UCL (Assumees normality) 123.1 95%  H-Stat UCL 112.9

99% KM (Chebbyshev) UCL 620.2

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 17 Number r of Distinct O Observations 16

Numbe  er of Detects 14 Number of N Non-Detects 3

Nuumber of Disttinct Detects 13 Numbe  r of Distinct N Non-Detects 3

Minimmum Detect 3.6 Minimum  Non-Detect 10

Maximmum Detect 1200 Maximum  Non-Detect 12

Variance Detects 99282 Percent N Non-Detects 17.65%

Meean Detects 123.1 SD Detects 315.1

Meddian Detects 11.5 CV Detects 2.559

Skewnness Detects 3.543 Kurtoosis Detects 12.88
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682
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684

685

686

687

688

689

Mean of Loggged Detects 3.101 SD of Loggged Detects 1.749

Shhapiro Wilk T Test Statistic 0.424

5% Sh hapiro Wilk C Critical Value 0.874 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.363

5%% Lilliefors C Critical Value 0.226 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 102.4 KM M Standard Er rror of Mean 70.26

KM SD 279.1 95% KM  (BCA) UCL 233.8

95%  KM (t) UCL 225.1 95% KM (Pe ercentile Boootstrap) UCL 236.4

95%  KM (z) UCL 218 995% KM Boottstrap t UCL 792.2

990% KM Chebbyshev UCL 313.2 995% KM Chebbyshev UCL 408.7

97.5% KM Chebbyshev UCL 541.2 999% KM Chebbyshev UCL 801.5

A-D T Test Statistic 1.384

5% A-D C Critical Value 0.815 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.235

5% K-S C Critical Value 0.245 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 0.386 k s star (bias corrrected MLE) 0.351

Thetta hat (MLE) 318.7 Theta s star (bias corrrected MLE) 350.6

nnu hat (MLE) 10.82 nu star (bia  s corrected) 9.834

Mean (detects) 123.1

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 101.4

Maximum 1200 Median 7.8

SD 288.1 CV 2.841

k hat (MLE) 0.247 k s star (bias corrrected MLE) 0.243

Thetta hat (MLE) 410.2 Theta s star (bias corrrected MLE) 417.6

nnu hat (MLE) 8.405 nu star (bia  s corrected) 8.255

Adjusted  Level of Signnificance (β) 0.0346

Appproximate Ch   hi Square Value (8.26, α) 2.884 Adjusted Ch   hi Square Value (8.26, β) 2.561

995% Gamma  Approximate e UCL (use w when n>=50) 290.3 95% Gamma Adjusteed UCL (use  when n<50) 326.9

Mean (KM) 102.4 SD (KM) 279.1

Vaariance (KM) 77922 SE of  f Mean (KM) 70.26

k hat (KM) 0.135 k star (KM) 0.15

nu hat (KM) 4.578 nnu star (KM) 5.103

theeta hat (KM) 760.7 theeta star (KM) 682.4

80% % gamma perccentile (KM) 111.6 90% % gamma perccentile (KM) 303.8
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735
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737

738

739

740

741

742

95% % gamma perccentile (KM) 563.7 99% % gamma perccentile (KM) 1318

Appproximate Ch   hi Square Value (5.10, α) 1.2 Adjusted Ch   hi Square Value (5.10, β) 1.016

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 435.5 95% Gamma a Adjusted K M-UCL (use  when n<50) 514.4

Shhapiro Wilk T Test Statistic 0.889

5% Sh hapiro Wilk C Critical Value 0.874 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.22

5%% Lilliefors C Critical Value 0.226 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 102.5 Mean i   n Log Scale 2.883

SD in Or riginal Scale 287.7 SD i   n Log Scale 1.649

95% t U  UCL (assumes s normality o   of ROS data) 224.4 95% P Percentile Boootstrap UCL 237.4

995% BCA Bootstrap UCL 319.4 95% Boottstrap t UCL 836.5

95% H-UCL L (Log ROS) 326.3

KM Me ean (logged) 2.856 KM M Geo Mean 17.4

KM S SD (logged) 1.623 95% C Critical H Valuue (KM-Log) 3.701

KM Standar  d Error of Me ean (logged) 0.41 95% H-UCL (KM -Log) 291.5

KM S SD (logged) 1.623 95% C Critical H Valuue (KM-Log) 3.701

KM Standar  d Error of Me ean (logged) 0.41

Mean in Or riginal Scale 102.4 Mean i   n Log Scale 2.854

SD in Or riginal Scale 287.8 SD i   n Log Scale 1.67

95% t U  UCL (Assumees normality) 224.2 95%  H-Stat UCL 339.6

a Adjusted KM M-UCL (use w when k<=1 a nd 15 < n < 5  50 but k<=1) 514.4

When a da ata set followws an approxiimate (e.g., n normal) distribbution passinng one of the  GOF test

When appliccable, it is su uggested to u use a UCL ba ased upon a   distribution ( e.g., gamma  ) passing bot th GOF tests s in ProUCL

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 19 Number r of Distinct O Observations 18
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Number  of Missing O Observations 0

Minimum 1300 Mean 7716

Maximum 12000 Median 8500

SD 2452 Std. Er rror of Mean 562.6

Coefficient  of Variation 0.318 Skewness -0.957

Shhapiro Wilk T Test Statistic 0.939

5% Sh hapiro Wilk C Critical Value 0.901 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.152

5%% Lilliefors C Critical Value 0.197 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 8691 995% Adjustedd-CLT UCL ( Chen-1995) 8509

95% Modifieed-t UCL (Johhnson-1978) 8671

A-D T Test Statistic 1.165

5% A-D C Critical Value 0.742 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.196

5% K-S C Critical Value 0.199 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 6.348 k s star (bias corrrected MLE) 5.381

Thetta hat (MLE) 1215 Theta s star (bias corrrected MLE) 1434

nnu hat (MLE) 241.2 nu star (bia  s corrected) 204.5

MLLE Mean (bia  s corrected) 7716 MLE Sd (bia  s corrected) 3326

AApproximate  Chi Square V Value (0.05) 172.4

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 169.8

955% Approximmate Gamma  UCL (use wh hen n>=50)) 9152 95% Adjjusted Gammma UCL (use  when n<50) 9291

Shhapiro Wilk T Test Statistic 0.728

5% Sh hapiro Wilk C Critical Value 0.901 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.218

5%% Lilliefors C Critical Value 0.197 Data Not L Lognormal at   5% Significaance Level

MMinimum of L Logged Data 7.17 Mean of l  logged Data 8.87

MMaximum of L Logged Data 9.393 SD of l  logged Data 0.488

95% H-UCL 10084 90% C Chebyshev (M MVUE) UCL 10723

95% C Chebyshev (M MVUE) UCL 11974 97.5% C Chebyshev (M MVUE) UCL 13711

99% C Chebyshev (M MVUE) UCL 17122
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796

797

798

799

800

801

802

803

804

805

806

807

808

809

810

811

812

813

814

815

816

817

818

819

820

821

822

823

824

825

826

827

828

829

830

831

832

833

834

835

836

837

838

839

840

841

842

843

844

845

846

847

848

95% CLT UCL 8641 95% Jac ckknife UCL 8691

95%  Standard Bootstrap UCL 8616 95% Boottstrap-t UCL 8582

955% Hall's Boootstrap UCL 8536 95% P Percentile Boootstrap UCL 8600

995% BCA Bootstrap UCL 8511

90% Cheebyshev(Meaan, Sd) UCL 9404 95% Cheebyshev(Meaan, Sd) UCL 10168

97.5% Cheebyshev(Meaan, Sd) UCL 11229 99% Cheebyshev(Meaan, Sd) UCL 13313

95% Studdent's-t UCL 8691

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 19 Number r of Distinct O Observations 16

Number  of Missing O Observations 0

Minimum 2.2 Mean 10.01

Maximum 31 Median 8.5

SD 7.826 Std. Er rror of Mean 1.795

Coefficient  of Variation 0.782 Skewness 1.291

Shhapiro Wilk T Test Statistic 0.848

5% Sh hapiro Wilk C Critical Value 0.901 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.191

5%% Lilliefors C Critical Value 0.197 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 13.12 995% Adjustedd-CLT UCL ( Chen-1995) 13.53

95% Modifieed-t UCL (Johhnson-1978) 13.21

A-D T Test Statistic 0.568

5% A-D C Critical Value 0.753 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.16

5% K-S C Critical Value 0.201 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 1.861 k s star (bias corrrected MLE) 1.602
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849

850

851

852

853

854

855

856

857

858

859

860

861

862

863

864

865

866

867

868

869

870

871

872

873

874

875

876

877

878

879

880

881

882

883

884

885

886

887

888

889

890

891

892

893

894

895

896

897

898

899

900

901

Thetta hat (MLE) 5.377 Theta s star (bias corrrected MLE) 6.245

nnu hat (MLE) 70.71 nu star (bia  s corrected) 60.88

MLLE Mean (bia  s corrected) 10.01 MLE Sd (bia  s corrected) 7.905

AApproximate  Chi Square V Value (0.05) 43.93

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 42.68

955% Approximmate Gamma  UCL (use wh hen n>=50)) 13.86 95% Adjjusted Gammma UCL (use  when n<50) 14.27

Shhapiro Wilk T Test Statistic 0.937

5% Sh hapiro Wilk C Critical Value 0.901 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.176

5%% Lilliefors C Critical Value 0.197 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 0.788 Mean of l  logged Data 2.011

MMaximum of L Logged Data 3.434 SD of l  logged Data 0.804

95% H-UCL 16.1 90% C Chebyshev (M MVUE) UCL 16.15

95% C Chebyshev (M MVUE) UCL 18.88 97.5% C Chebyshev (M MVUE) UCL 22.69

99% C Chebyshev (M MVUE) UCL 30.15

95% CLT UCL 12.96 95% Jac ckknife UCL 13.12

95%  Standard Bootstrap UCL 12.83 95% Boottstrap-t UCL 13.79

955% Hall's Boootstrap UCL 14.57 95% P Percentile Boootstrap UCL 12.98

995% BCA Bootstrap UCL 13.21

90% Cheebyshev(Meaan, Sd) UCL 15.39 95% Cheebyshev(Meaan, Sd) UCL 17.83

97.5% Cheebyshev(Meaan, Sd) UCL 21.22 99% Cheebyshev(Meaan, Sd) UCL 27.87

95% Studdent's-t UCL 13.12

When a da ata set followws an approxiimate (e.g., n normal) distribbution passinng one of the  GOF test

When appliccable, it is su uggested to u use a UCL ba ased upon a   distribution ( e.g., gamma  ) passing bot th GOF tests s in ProUCL

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 19 Number r of Distinct O Observations 10

Number  of Missing O Observations 0
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902

903

904

905

906

907

908

909

910

911

912

913

914

915

916

917

918

919

920

921

922

923

924

925

926

927

928

929

930

931

932

933

934

935

936

937

938

939

940

941

942

943

944

945

946

947

948

949

950

951

952

953

954

Minimum 8.9 Mean 15.52

Maximum 22 Median 15

SD 3.35 Std. Er rror of Mean 0.769

Coefficient  of Variation 0.216 Skewness 0.384

Shhapiro Wilk T Test Statistic 0.927

5% Sh hapiro Wilk C Critical Value 0.901 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.193

5%% Lilliefors C Critical Value 0.197 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 16.85 995% Adjustedd-CLT UCL ( Chen-1995) 16.86

95% Modifieed-t UCL (Johhnson-1978) 16.87

A-D T Test Statistic 0.617

5% A-D C Critical Value 0.74 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.175

5% K-S C Critical Value 0.198 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 22.59 k s star (bias corrrected MLE) 19.06

Thetta hat (MLE) 0.687 Theta s star (bias corrrected MLE) 0.814

nnu hat (MLE) 858.4 nu star (bia  s corrected) 724.2

MLLE Mean (bia  s corrected) 15.52 MLE Sd (bia  s corrected) 3.555

AApproximate  Chi Square V Value (0.05) 662.8

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 657.6

955% Approximmate Gamma  UCL (use wh hen n>=50)) 16.96 95% Adjjusted Gammma UCL (use  when n<50) 17.09

Shhapiro Wilk T Test Statistic 0.928

5% Sh hapiro Wilk C Critical Value 0.901 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.187

5%% Lilliefors C Critical Value 0.197 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 2.186 Mean of l  logged Data 2.72

MMaximum of L Logged Data 3.091 SD of l  logged Data 0.219

95% H-UCL 17.05 90% C Chebyshev (M MVUE) UCL 17.88

95% C Chebyshev (M MVUE) UCL 18.95 97.5% C Chebyshev (M MVUE) UCL 20.43

99% C Chebyshev (M MVUE) UCL 23.33
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955

956

957

958

959

960

961

962

963

964

965

966

967

968

969

970

971

972

973

974

975

976

977

978

979

980

981

982

983

984

985

986

987

988

989

990

991

992

993

994

995

996

997

998

999

1000

1001

1002

1003

1004

1005

1006

1007

95% CLT UCL 16.79 95% Jac ckknife UCL 16.85

95%  Standard Bootstrap UCL 16.79 95% Boottstrap-t UCL 16.96

955% Hall's Boootstrap UCL 16.91 95% P Percentile Boootstrap UCL 16.78

995% BCA Bootstrap UCL 16.68

90% Cheebyshev(Meaan, Sd) UCL 17.83 95% Cheebyshev(Meaan, Sd) UCL 18.87

97.5% Cheebyshev(Meaan, Sd) UCL 20.32 99% Cheebyshev(Meaan, Sd) UCL 23.17

95% Studdent's-t UCL 16.85

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 19 Number r of Distinct O Observations 17

Number  of Missing O Observations 0

Minimum 1.4 Mean 4.937

Maximum 7.1 Median 4.6

SD 1.504 Std. Er rror of Mean 0.345

Coefficient  of Variation 0.305 Skewness -0.464

Shhapiro Wilk T Test Statistic 0.954

5% Sh hapiro Wilk C Critical Value 0.901 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.115

5%% Lilliefors C Critical Value 0.197 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 5.535 995% Adjustedd-CLT UCL ( Chen-1995) 5.465

95% Modifieed-t UCL (Johhnson-1978) 5.529

A-D T Test Statistic 0.501

5% A-D C Critical Value 0.741 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.108

5% K-S C Critical Value 0.199 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 8.804 k s star (bias corrrected MLE) 7.449

Thetta hat (MLE) 0.561 Theta s star (bias corrrected MLE) 0.663

nnu hat (MLE) 334.6 nu star (bia  s corrected) 283.1

MLLE Mean (bia  s corrected) 4.937 MLE Sd (bia  s corrected) 1.809

AApproximate  Chi Square V Value (0.05) 245.1
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1008

1009

1010

1011

1012

1013

1014

1015

1016

1017

1018

1019

1020

1021

1022

1023

1024

1025

1026

1027

1028

1029

1030

1031

1032

1033

1034

1035

1036

1037

1038

1039

1040

1041

1042

1043

1044

1045

1046

1047

1048

1049

1050

1051

1052

1053

1054

1055

1056

1057

1058

1059

1060

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 242

955% Approximmate Gamma  UCL (use wh hen n>=50)) 5.702 95% Adjjusted Gammma UCL (use  when n<50) 5.774

Shhapiro Wilk T Test Statistic 0.846

5% Sh hapiro Wilk C Critical Value 0.901 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.135

5%% Lilliefors C Critical Value 0.197 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 0.336 Mean of l  logged Data 1.539

MMaximum of L Logged Data 1.96 SD of l  logged Data 0.382

95% H-UCL 5.953 90% C Chebyshev (M MVUE) UCL 6.334

95% C Chebyshev (M MVUE) UCL 6.942 97.5% C Chebyshev (M MVUE) UCL 7.786

99% C Chebyshev (M MVUE) UCL 9.443

95% CLT UCL 5.504 95% Jac ckknife UCL 5.535

95%  Standard Bootstrap UCL 5.48 95% Boottstrap-t UCL 5.519

955% Hall's Boootstrap UCL 5.479 95% P Percentile Boootstrap UCL 5.489

995% BCA Bootstrap UCL 5.463

90% Cheebyshev(Meaan, Sd) UCL 5.972 95% Cheebyshev(Meaan, Sd) UCL 6.441

97.5% Cheebyshev(Meaan, Sd) UCL 7.091 99% Cheebyshev(Meaan, Sd) UCL 8.369

95% Studdent's-t UCL 5.535

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 19 Number r of Distinct O Observations 13

Number  of Missing O Observations 0

Minimum 1300 Mean 14174

Maximum 26000 Median 14000

SD 5229 Std. Er rror of Mean 1200

Coefficient  of Variation 0.369 Skewness -0.0349
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1061

1062

1063

1064

1065

1066

1067

1068

1069

1070

1071

1072

1073

1074

1075

1076

1077

1078

1079

1080

1081

1082

1083

1084

1085

1086

1087

1088

1089

1090

1091

1092

1093

1094

1095

1096

1097

1098

1099

1100

1101

1102

1103

1104

1105

1106

1107

1108

1109

1110

1111

1112

1113

Shhapiro Wilk T Test Statistic 0.945

5% Sh hapiro Wilk C Critical Value 0.901 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.153

5%% Lilliefors C Critical Value 0.197 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 16254 995% Adjustedd-CLT UCL ( Chen-1995) 16137

95% Modifieed-t UCL (Johhnson-1978) 16252

A-D T Test Statistic 1.222

5% A-D C Critical Value 0.744 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.227

5% K-S C Critical Value 0.199 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 4.559 k s star (bias corrrected MLE) 3.874

Thetta hat (MLE) 3109 Theta s star (bias corrrected MLE) 3659

nnu hat (MLE) 173.2 nu star (bia  s corrected) 147.2

MLLE Mean (bia  s corrected) 14174 MLE Sd (bia  s corrected) 7201

AApproximate  Chi Square V Value (0.05) 120.2

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 118

955% Approximmate Gamma  UCL (use wh hen n>=50)) 17363 95% Adjjusted Gammma UCL (use  when n<50) 17677

Shhapiro Wilk T Test Statistic 0.668

5% Sh hapiro Wilk C Critical Value 0.901 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.261

5%% Lilliefors C Critical Value 0.197 Data Not L Lognormal at   5% Significaance Level

MMinimum of L Logged Data 7.17 Mean of l  logged Data 9.445

MMaximum of L Logged Data 10.17 SD of l  logged Data 0.612

95% H-UCL 20720 90% C Chebyshev (M MVUE) UCL 21761

95% C Chebyshev (M MVUE) UCL 24786 97.5% C Chebyshev (M MVUE) UCL 28984

99% C Chebyshev (M MVUE) UCL 37232

95% CLT UCL 16147 95% Jac ckknife UCL 16254

95%  Standard Bootstrap UCL 16093 95% Boottstrap-t UCL 16347
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1114

1115

1116

1117

1118

1119

1120

1121

1122

1123

1124

1125

1126

1127

1128

1129

1130

1131

1132

1133

1134

1135

1136

1137

1138

1139

1140

1141

1142

1143

1144

1145

1146

1147

1148

1149

1150

1151

1152

1153

1154

1155

1156

1157

1158

1159

1160

1161

1162

1163

1164

1165

1166

955% Hall's Boootstrap UCL 16507 95% P Percentile Boootstrap UCL 15958

995% BCA Bootstrap UCL 16084

90% Cheebyshev(Meaan, Sd) UCL 17773 95% Cheebyshev(Meaan, Sd) UCL 19403

97.5% Cheebyshev(Meaan, Sd) UCL 21666 99% Cheebyshev(Meaan, Sd) UCL 26111

95% Studdent's-t UCL 16254

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 19 Number r of Distinct O Observations 18

Number  of Missing O Observations 0

Minimum 14 Mean 164.8

Maximum 510 Median 110

SD 151.7 Std. Er rror of Mean 34.79

Coefficient  of Variation 0.92 Skewness 1.154

Shhapiro Wilk T Test Statistic 0.86

5% Sh hapiro Wilk C Critical Value 0.901 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.171

5%% Lilliefors C Critical Value 0.197 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 225.2 995% Adjustedd-CLT UCL ( Chen-1995) 231.9

95% Modifieed-t UCL (Johhnson-1978) 226.7

A-D T Test Statistic 0.223

5% A-D C Critical Value 0.764 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.118

5% K-S C Critical Value 0.203 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 1.196 k s star (bias corrrected MLE) 1.042

Thetta hat (MLE) 137.9 Theta s star (bias corrrected MLE) 158.2

nnu hat (MLE) 45.43 nu star (bia  s corrected) 39.59

MLLE Mean (bia  s corrected) 164.8 MLE Sd (bia  s corrected) 161.5

AApproximate  Chi Square V Value (0.05) 26.18

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 25.22
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1167

1168

1169

1170

1171

1172

1173

1174

1175

1176

1177

1178

1179

1180

1181

1182

1183

1184

1185

1186

1187

1188

1189

1190

1191

1192

1193

1194

1195

1196

1197

1198

1199

1200

1201

1202

1203

1204

1205

1206

1207

1208

1209

1210

1211

1212

1213

1214

1215

1216

1217

1218

1219

955% Approximmate Gamma  UCL (use wh hen n>=50)) 249.3 95% Adjjusted Gammma UCL (use  when n<50) 258.7

Shhapiro Wilk T Test Statistic 0.961

5% Sh hapiro Wilk C Critical Value 0.901 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.116

5%% Lilliefors C Critical Value 0.197 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 2.639 Mean of l  logged Data 4.632

MMaximum of L Logged Data 6.234 SD of l  logged Data 1.082

95% H-UCL 369.8 90% C Chebyshev (M MVUE) UCL 324.3

95% C Chebyshev (M MVUE) UCL 391.3 97.5% C Chebyshev (M MVUE) UCL 484.4

99% C Chebyshev (M MVUE) UCL 667.2

95% CLT UCL 222.1 95% Jac ckknife UCL 225.2

95%  Standard Bootstrap UCL 220.4 95% Boottstrap-t UCL 235.6

955% Hall's Boootstrap UCL 231.4 95% P Percentile Boootstrap UCL 222.3

995% BCA Bootstrap UCL 225.8

90% Cheebyshev(Meaan, Sd) UCL 269.2 95% Cheebyshev(Meaan, Sd) UCL 316.5

97.5% Cheebyshev(Meaan, Sd) UCL 382.1 99% Cheebyshev(Meaan, Sd) UCL 511

95% Studdent's-t UCL 225.2

When a da ata set followws an approxiimate (e.g., n normal) distribbution passinng one of the  GOF test

When appliccable, it is su uggested to u use a UCL ba ased upon a   distribution ( e.g., gamma  ) passing bot th GOF tests s in ProUCL

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 19 Number r of Distinct O Observations 15

Number  of Missing O Observations 0

Minimum 17 Mean 211.5

Maximum 390 Median 230

SD 97.91 Std. Er rror of Mean 22.46

Coefficient  of Variation 0.463 Skewness -0.0416
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1220

1221

1222

1223

1224

1225

1226

1227

1228

1229

1230

1231

1232

1233

1234

1235

1236

1237

1238

1239

1240

1241

1242

1243

1244

1245

1246

1247

1248

1249

1250

1251

1252

1253

1254

1255

1256

1257

1258

1259

1260

1261

1262

1263

1264

1265

1266

1267

1268

1269

1270

1271

1272

Shhapiro Wilk T Test Statistic 0.969

5% Sh hapiro Wilk C Critical Value 0.901 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.106

5%% Lilliefors C Critical Value 0.197 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 250.5 995% Adjustedd-CLT UCL ( Chen-1995) 248.2

95% Modifieed-t UCL (Johhnson-1978) 250.4

A-D T Test Statistic 0.768

5% A-D C Critical Value 0.748 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.159

5% K-S C Critical Value 0.2 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 3.054 k s star (bias corrrected MLE) 2.607

Thetta hat (MLE) 69.26 Theta s star (bias corrrected MLE) 81.14

nnu hat (MLE) 116.1 nu star (bia  s corrected) 99.07

MLLE Mean (bia  s corrected) 211.5 MLE Sd (bia  s corrected) 131

AApproximate  Chi Square V Value (0.05) 77.1

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 75.41

955% Approximmate Gamma  UCL (use wh hen n>=50)) 271.8 95% Adjjusted Gammma UCL (use  when n<50) 277.9

Shhapiro Wilk T Test Statistic 0.787

5% Sh hapiro Wilk C Critical Value 0.901 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.197

5%% Lilliefors C Critical Value 0.197 Data Not L Lognormal at   5% Significaance Level

MMinimum of L Logged Data 2.833 Mean of l  logged Data 5.182

MMaximum of L Logged Data 5.966 SD of l  logged Data 0.735

95% H-UCL 345 90% C Chebyshev (M MVUE) UCL 353.2

95% C Chebyshev (M MVUE) UCL 409.4 97.5% C Chebyshev (M MVUE) UCL 487.4

99% C Chebyshev (M MVUE) UCL 640.6

95% CLT UCL 248.5 95% Jac ckknife UCL 250.5

95%  Standard Bootstrap UCL 249.2 95% Boottstrap-t UCL 250.4

955% Hall's Boootstrap UCL 249.6 95% P Percentile Boootstrap UCL 247.9
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1273

1274

1275

1276

1277

1278

1279

1280

1281

1282

1283

1284

1285

1286

1287

1288

1289

1290

1291

1292

1293

1294

1295

1296

1297

1298

1299

1300

1301

1302

1303

1304

1305

1306

1307

1308

1309

1310

1311

1312

1313

1314

1315

1316

1317

1318

1319

1320

1321

1322

1323

1324

1325

995% BCA Bootstrap UCL 244.6

90% Cheebyshev(Meaan, Sd) UCL 278.9 95% Cheebyshev(Meaan, Sd) UCL 309.4

97.5% Cheebyshev(Meaan, Sd) UCL 351.8 99% Cheebyshev(Meaan, Sd) UCL 435

95% Studdent's-t UCL 250.5

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 19 Number r of Distinct O Observations 19

Number  of Missing O Observations 0

Minimum 0.014 Mean 6.497

Maximum 110 Median 0.46

SD 25.08 Std. Er rror of Mean 5.754

Coefficient  of Variation 3.86 Skewness 4.349

Shhapiro Wilk T Test Statistic 0.271

5% Sh hapiro Wilk C Critical Value 0.901 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.498

5%% Lilliefors C Critical Value 0.197 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 16.48 995% Adjustedd-CLT UCL ( Chen-1995) 22.1

95% Modifieed-t UCL (Johhnson-1978) 17.43

A-D T Test Statistic 2.6

5% A-D C Critical Value 0.865 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.308

5% K-S C Critical Value 0.218 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 0.254 k s star (bias corrrected MLE) 0.249

Thetta hat (MLE) 25.54 Theta s star (bias corrrected MLE) 26.06

nnu hat (MLE) 9.668 nu star (bia  s corrected) 9.475

MLLE Mean (bia  s corrected) 6.497 MLE Sd (bia  s corrected) 13.01

AApproximate  Chi Square V Value (0.05) 3.616

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 3.306
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1326

1327

1328

1329

1330

1331

1332

1333

1334

1335

1336

1337

1338

1339

1340

1341

1342

1343

1344

1345

1346

1347

1348

1349

1350

1351

1352

1353

1354

1355

1356

1357

1358

1359

1360

1361

1362

1363

1364

1365

1366

1367

1368

1369

1370

1371

1372

1373

1374

1375

1376

1377

1378

955% Approximmate Gamma  UCL (use wh hen n>=50)) 17.02 95% Adjjusted Gammma UCL (use  when n<50) 18.62

Shhapiro Wilk T Test Statistic 0.949

5% Sh hapiro Wilk C Critical Value 0.901 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.101

5%% Lilliefors C Critical Value 0.197 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data -4.269 Mean of l  logged Data -0.913

MMaximum of L Logged Data 4.7 SD of l  logged Data 2.064

95% H-UCL 28.22 90% C Chebyshev (M MVUE) UCL 6.993

95% C Chebyshev (M MVUE) UCL 9.002 97.5% C Chebyshev (M MVUE) UCL 11.79

99% C Chebyshev (M MVUE) UCL 17.27

95% CLT UCL 15.96 95% Jac ckknife UCL 16.48

95%  Standard Bootstrap UCL 15.54 95% Boottstrap-t UCL 224.6

955% Hall's Boootstrap UCL 137.7 95% P Percentile Boootstrap UCL 17.9

995% BCA Bootstrap UCL 23.97

90% Cheebyshev(Meaan, Sd) UCL 23.76 95% Cheebyshev(Meaan, Sd) UCL 31.58

97.5% Cheebyshev(Meaan, Sd) UCL 42.43 99% Cheebyshev(Meaan, Sd) UCL 63.75

99% Cheebyshev (Meaan, Sd) UCL 63.75

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 19 Number r of Distinct O Observations 16

Numbe  er of Detects 13 Number of N Non-Detects 6

Nuumber of Disttinct Detects 13 Numbe  r of Distinct N Non-Detects 3

Minimmum Detect 0.5 Minimum  Non-Detect 1

Maximmum Detect 1100 Maximum  Non-Detect 5.6

Variance Detects 92110 Percent N Non-Detects 31.58%

Meean Detects 90.93 SD Detects 303.5

Meddian Detects 1.4 CV Detects 3.338

Skewnness Detects 3.593 Kurtoosis Detects 12.93

Mean of Loggged Detects 1.143 SD of Loggged Detects 2.261
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1379

1380

1381

1382

1383

1384

1385

1386

1387

1388

1389

1390

1391

1392

1393

1394

1395

1396

1397

1398

1399

1400

1401

1402

1403

1404

1405

1406

1407

1408

1409

1410

1411

1412

1413

1414

1415

1416

1417

1418

1419

1420

1421

1422

1423

1424

1425

1426

1427

1428

1429

1430

1431

Shhapiro Wilk T Test Statistic 0.337

5% Sh hapiro Wilk C Critical Value 0.866 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.477

5%% Lilliefors C Critical Value 0.234 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 62.42 KM M Standard Er rror of Mean 58.46

KM SD 244.8 95% KM  (BCA) UCL 177.1

95%  KM (t) UCL 163.8 95% KM (Pe ercentile Boootstrap) UCL 177.3

95%  KM (z) UCL 158.6 995% KM Boottstrap t UCL 4269

990% KM Chebbyshev UCL 237.8 995% KM Chebbyshev UCL 317.2

97.5% KM Chebbyshev UCL 427.5 999% KM Chebbyshev UCL 644.1

A-D T Test Statistic 2.353

5% A-D C Critical Value 0.866 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.337

5% K-S C Critical Value 0.261 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

k hat (MLE) 0.216 k s star (bias corrrected MLE) 0.217

Thetta hat (MLE) 421.1 Theta s star (bias corrrected MLE) 418.3

nnu hat (MLE) 5.614 nu star (bia  s corrected) 5.652

Mean (detects) 90.93

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 62.22

Maximum 1100 Median 0.6

SD 251.6 CV 4.043

k hat (MLE) 0.159 k s star (bias corrrected MLE) 0.169

Thetta hat (MLE) 392.1 Theta s star (bias corrrected MLE) 368.8

nnu hat (MLE) 6.031 nu star (bia  s corrected) 6.412

Adjusted  Level of Signnificance (β) 0.0369

Appproximate Ch   hi Square Value (6.41, α) 1.854 Adjusted Ch   hi Square Value (6.41, β) 1.648

995% Gamma  Approximate e UCL (use w when n>=50) 215.2 95% Gamma Adjusteed UCL (use  when n<50) 242.1

Mean (KM) 62.42 SD (KM) 244.8

Vaariance (KM) 59936 SE of  f Mean (KM) 58.46

k hat (KM) 0.065 k star (KM) 0.0898

nu hat (KM) 2.47 nnu star (KM) 3.413

theeta hat (KM) 960.2 theeta star (KM) 694.9

80% % gamma perccentile (KM) 36.64 90% % gamma perccentile (KM) 158.1

95% % gamma perccentile (KM) 363.7 99% % gamma perccentile (KM) 1046
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1432

1433

1434

1435

1436

1437

1438

1439

1440

1441

1442

1443

1444

1445

1446

1447

1448

1449

1450

1451

1452

1453

1454

1455

1456

1457

1458

1459

1460

1461

1462

1463

1464

1465

1466

1467

1468

1469

1470

1471

1472

1473

1474

1475

1476

1477

1478

1479

1480

1481

1482

1483

1484

Appproximate Ch   hi Square Value (3.41, α) 0.505 Adjusted Ch   hi Square Value (3.41, β) 0.422

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 422.1 95% Gamma a Adjusted K M-UCL (use  when n<50) 504.8

95% Ga amma Adjusteed KM-UCL ( (use when k< <=1 and 15 <   n < 50)

Shhapiro Wilk T Test Statistic 0.799

5% Sh hapiro Wilk C Critical Value 0.866 Deetected Data  Not Lognormmal at 5% Significance Levvel

Lilliefors T Test Statistic 0.247

5%% Lilliefors C Critical Value 0.234 Deetected Data  Not Lognormmal at 5% Significance Levvel

Mean in Or riginal Scale 62.42 Mean i   n Log Scale 0.562

SD in Or riginal Scale 251.5 SD i   n Log Scale 2.091

95% t U  UCL (assumes s normality o   of ROS data) 162.5 95% P Percentile Boootstrap UCL 177.6

995% BCA Bootstrap UCL 238.5 95% Boottstrap t UCL 4300

95% H-UCL L (Log ROS) 137.6

KM Me ean (logged) 0.624 KM M Geo Mean 1.867

KM S SD (logged) 1.958 95% C Critical H Valuue (KM-Log) 4.177

KM Standar  d Error of Me ean (logged) 0.469 95% H-UCL (KM -Log) 87.38

KM S SD (logged) 1.958 95% C Critical H Valuue (KM-Log) 4.177

KM Standar  d Error of Me ean (logged) 0.469

Mean in Or riginal Scale 62.5 Mean i   n Log Scale 0.659

SD in Or riginal Scale 251.5 SD i   n Log Scale 2.02

95% t U  UCL (Assumees normality) 162.6 95%  H-Stat UCL 114.3

99% KM (Chebbyshev) UCL 644.1

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 19 Number r of Distinct O Observations 11

Number  of Missing O Observations 0

Minimum 5.2 Mean 23.69

Maximum 47 Median 22

SD 8.329 Std. Er rror of Mean 1.911

Coefficient  of Variation 0.352 Skewness 0.736
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1485
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1492

1493

1494

1495

1496

1497

1498

1499

1500

1501

1502

1503

1504

1505

1506

1507

1508

1509

1510

1511

1512

1513

1514

1515

1516

1517

1518

1519

1520

1521

1522

1523

1524

1525

1526

1527

1528

1529

1530

1531

1532

1533

1534

1535

1536

1537

Shhapiro Wilk T Test Statistic 0.904

5% Sh hapiro Wilk C Critical Value 0.901 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.16

5%% Lilliefors C Critical Value 0.197 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 27.01 995% Adjustedd-CLT UCL ( Chen-1995) 27.18

95% Modifieed-t UCL (Johhnson-1978) 27.06

A-D T Test Statistic 0.866

5% A-D C Critical Value 0.742 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.185

5% K-S C Critical Value 0.199 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 7.164 k s star (bias corrrected MLE) 6.068

Thetta hat (MLE) 3.307 Theta s star (bias corrrected MLE) 3.905

nnu hat (MLE) 272.2 nu star (bia  s corrected) 230.6

MLLE Mean (bia  s corrected) 23.69 MLE Sd (bia  s corrected) 9.619

AApproximate  Chi Square V Value (0.05) 196.4

Adjusted Level of S Significance 0.0369 Adjusted Chi Sq quare Value 193.7

955% Approximmate Gamma  UCL (use wh hen n>=50)) 27.81 95% Adjjusted Gammma UCL (use  when n<50) 28.21

Shhapiro Wilk T Test Statistic 0.8

5% Sh hapiro Wilk C Critical Value 0.901 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.219

5%% Lilliefors C Critical Value 0.197 Data Not L Lognormal at   5% Significaance Level

MMinimum of L Logged Data 1.649 Mean of l  logged Data 3.094

MMaximum of L Logged Data 3.85 SD of l  logged Data 0.43

95% H-UCL 29.46 90% C Chebyshev (M MVUE) UCL 31.38

95% C Chebyshev (M MVUE) UCL 34.69 97.5% C Chebyshev (M MVUE) UCL 39.28

99% C Chebyshev (M MVUE) UCL 48.3

95% CLT UCL 26.84 95% Jac ckknife UCL 27.01

95%  Standard Bootstrap UCL 26.83 95% Boottstrap-t UCL 27.58
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1538

1539

1540

1541

1542

1543

1544

1545

1546

1547

1548

1549

1550

955% Hall's Boootstrap UCL 28.39 95% P Percentile Boootstrap UCL 27.05

995% BCA Bootstrap UCL 26.89

90% Cheebyshev(Meaan, Sd) UCL 29.43 95% Cheebyshev(Meaan, Sd) UCL 32.02

97.5% Cheebyshev(Meaan, Sd) UCL 35.63 99% Cheebyshev(Meaan, Sd) UCL 42.71

95% Studdent's-t UCL 27.01

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.
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User Seleccted Options

Datee/Time of Co omputation ProUCL 5.133/21/2017 7:1 16:12 PM

From File WACC Soil-  0-10 COC.xls

Full  Precision OFF

CConfidence C Coefficient 95%

Number o   f Bootstrap O Operations 2000

Total  Number of O Observations 30 Number r of Distinct O Observations 14

Numbe  er of Detects 2 Number of N Non-Detects 28

Nuumber of Disttinct Detects 2 Numbe  r of Distinct N Non-Detects 12

Minimmum Detect 470 Minimum  Non-Detect 34

Maximmum Detect 13000 Maximum  Non-Detect 410

Variance Detects 78500450 Percent N Non-Detects 93.33%

Meean Detects 6735 SD Detects 8860

Meddian Detects 6735 CV Detects 1.316

Skewnness Detects N/A Kurtoosis Detects N/A

Mean of Loggged Detects 7.813 SD of Loggged Detects 2.348

KM Mean 480.7 KM M Standard Er rror of Mean 600.6

KM SD 2326 95% KM  (BCA) UCL N/A

95%  KM (t) UCL 1501 95% KM (Pe ercentile Boootstrap) UCL N/A

95%  KM (z) UCL 1469 995% KM Boottstrap t UCL N/A

990% KM Chebbyshev UCL 2283 995% KM Chebbyshev UCL 3099

97.5% KM Chebbyshev UCL 4231 999% KM Chebbyshev UCL 6457

k hat (MLE) 0.614 k s star (bias corrrected MLE) N/A

Thetta hat (MLE) 10964 Theta s star (bias corrrected MLE) N/A

nnu hat (MLE) 2.457 nu star (bia  s corrected) N/A

Mean (detects) 6735

Mean (KM) 480.7 SD (KM) 2326

Vaariance (KM) 5410671 SE of  f Mean (KM) 600.6

k hat (KM) 0.0427 k star (KM) 0.0607

nu hat (KM) 2.563 nnu star (KM) 3.64

theeta hat (KM) 11255 theeta star (KM) 7925
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54

55

56

57

58

59

60
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63

64

65

66

67

68

69

70
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72
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74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

80% % gamma perccentile (KM) 119.7 90% % gamma perccentile (KM) 914.3

95% % gamma perccentile (KM) 2701 99% % gamma perccentile (KM) 9653

Adjusted  Level of Signnificance (β) 0.041

Appproximate Ch   hi Square Value (3.64, α) 0.585 Adjusted Ch   hi Square Value (3.64, β) 0.522

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 2992 95% Gamma a Adjusted K M-UCL (use  when n<50) 3351

95% Ga amma Adjusteed KM-UCL ( (use when k< <=1 and 15 <   n < 50)

Mean in Or riginal Scale 449 Mean i   n Log Scale -11.77

SD in Or riginal Scale 2372 SD i   n Log Scale 7.439

95% t U  UCL (assumes s normality o   of ROS data) 1185 95% P Percentile Boootstrap UCL 1316

995% BCA Bootstrap UCL 2167 95% Boottstrap t UCL 5.217E+8

95% H-UCL L (Log ROS) 7.505E+14

KM Me ean (logged) 3.812 KM M Geo Mean 45.25

KM S SD (logged) 1.152 95% C Critical H Valuue (KM-Log) 2.674

KM Standar  d Error of Me ean (logged) 0.297 95% H-UCL (KM -Log) 155.6

KM S SD (logged) 1.152 95% C Critical H Valuue (KM-Log) 2.674

KM Standar  d Error of Me ean (logged) 0.297

Mean in Or riginal Scale 523 Mean i   n Log Scale 4.011

SD in Or riginal Scale 2359 SD i   n Log Scale 1.571

95% t U  UCL (Assumees normality) 1255 95%  H-Stat UCL 492.7

97.5% KM (Chebbyshev) UCL 4231

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 30 Number r of Distinct O Observations 19

Numbe  er of Detects 4 Number of N Non-Detects 26

Nuumber of Disttinct Detects 4 Numbe  r of Distinct N Non-Detects 15

Minimmum Detect 12 Minimum  Non-Detect 6.9

Maximmum Detect 190000 Maximum  Non-Detect 83

Variance Detects 8.966E+9 Percent N Non-Detects 86.67%
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109
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152
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155
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157
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159

Meean Detects 47971 SD Detects 94689

Meddian Detects 935 CV Detects 1.974

Skewnness Detects 2 Kurtoosis Detects 3.999

Mean of Loggged Detects 6.904 SD of Loggged Detects 4.043

Shhapiro Wilk T Test Statistic 0.636

5% Sh hapiro Wilk C Critical Value 0.748 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.438

5%% Lilliefors C Critical Value 0.375 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 6402 KM M Standard Er rror of Mean 7188

KM SD 34094 95% KM  (BCA) UCL N/A

95%  KM (t) UCL 18615 95% KM (Pe ercentile Boootstrap) UCL N/A

95%  KM (z) UCL 18225 995% KM Boottstrap t UCL N/A

990% KM Chebbyshev UCL 27965 995% KM Chebbyshev UCL 37733

97.5% KM Chebbyshev UCL 51290 999% KM Chebbyshev UCL 77919

A-D T Test Statistic 0.41

5% A-D C Critical Value 0.739 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.337

5% K-S C Critical Value 0.426 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 0.191 k s star (bias corrrected MLE) 0.214

Thetta hat (MLE) 250804 Theta s star (bias corrrected MLE) 223656

nnu hat (MLE) 1.53 nu star (bia  s corrected) 1.716

Mean (detects) 47971

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 6396

Maximum 190000 Median 0.01

SD 34678 CV 5.422

k hat (MLE) 0.0714 k s star (bias corrrected MLE) 0.0865

Thetta hat (MLE) 89597 Theta s star (bias corrrected MLE) 73968

nnu hat (MLE) 4.283 nu star (bia  s corrected) 5.188

Adjusted  Level of Signnificance (β) 0.041

Appproximate Ch   hi Square Value (5.19, α) 1.24 Adjusted Ch   hi Square Value (5.19, β) 1.134

995% Gamma  Approximate e UCL (use w when n>=50) 26759 95% Gamma Adjusteed UCL (use  when n<50) N/A

Mean (KM) 6402 SD (KM) 34094

Vaariance (KM) 1.162E+9 SE of  f Mean (KM) 7188

k hat (KM) 0.0353 k star (KM) 0.054
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160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

nu hat (KM) 2.116 nnu star (KM) 3.237

theeta hat (KM) 181570 theeta star (KM) 118654

80% % gamma perccentile (KM) 1123 90% % gamma perccentile (KM) 10736

95% % gamma perccentile (KM) 34913 99% % gamma perccentile (KM) 135053

Appproximate Ch   hi Square Value (3.24, α) 0.446 Adjusted Ch   hi Square Value (3.24, β) 0.395

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 46463 95% Gamma a Adjusted K M-UCL (use  when n<50) 52406

95% Ga amma Adjusteed KM-UCL ( (use when k< <=1 and 15 <   n < 50)

Shhapiro Wilk T Test Statistic 0.983

5% Sh hapiro Wilk C Critical Value 0.748 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.203

5%% Lilliefors C Critical Value 0.375 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 6396 Mean i   n Log Scale -10.73

SD in Or riginal Scale 34678 SD i   n Log Scale 8.252

95% t U  UCL (assumes s normality o   of ROS data) 17154 95% P Percentile Boootstrap UCL 19053

995% BCA Bootstrap UCL 31667 95% Boottstrap t UCL 4504279

95% H-UCL L (Log ROS) 8.435E+19

KM Me ean (logged) 2.604 KM M Geo Mean 13.51

KM S SD (logged) 2.118 95% C Critical H Valuue (KM-Log) 4.123

KM Standar  d Error of Me ean (logged) 0.447 95% H-UCL (KM -Log) 643.6

KM S SD (logged) 2.118 95% C Critical H Valuue (KM-Log) 4.123

KM Standar  d Error of Me ean (logged) 0.447

Mean in Or riginal Scale 6410 Mean i   n Log Scale 2.757

SD in Or riginal Scale 34676 SD i   n Log Scale 2.354

95% t U  UCL (Assumees normality) 17167 95%  H-Stat UCL 1800

a Adjusted KM M-UCL (use w when k<=1 a nd 15 < n < 5  50 but k<=1) 52406

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 30 Number r of Distinct O Observations 27
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213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

Numbe  er of Detects 20 Number of N Non-Detects 10

Nuumber of Disttinct Detects 20 Numbe  r of Distinct N Non-Detects 7

Minimmum Detect 7.4 Minimum  Non-Detect 6.9

Maximmum Detect 13000 Maximum  Non-Detect 7.9

Variance Detects 9312064 Percent N Non-Detects 33.33%

Meean Detects 1373 SD Detects 3052

Meddian Detects 205 CV Detects 2.223

Skewnness Detects 3.354 Kurtoosis Detects 12.01

Mean of Loggged Detects 5.687 SD of Loggged Detects 1.821

Shhapiro Wilk T Test Statistic 0.489

5% Sh hapiro Wilk C Critical Value 0.905 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.356

5%% Lilliefors C Critical Value 0.192 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 917.5 KM M Standard Er rror of Mean 470.6

KM SD 2512 95% KM  (BCA) UCL 1792

95%  KM (t) UCL 1717 95% KM (Pe ercentile Boootstrap) UCL 1794

95%  KM (z) UCL 1692 995% KM Boottstrap t UCL 3984

990% KM Chebbyshev UCL 2329 995% KM Chebbyshev UCL 2969

97.5% KM Chebbyshev UCL 3857 999% KM Chebbyshev UCL 5600

A-D T Test Statistic 1.326

5% A-D C Critical Value 0.819 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.231

5% K-S C Critical Value 0.207 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

k hat (MLE) 0.424 k s star (bias corrrected MLE) 0.394

Thetta hat (MLE) 3238 Theta s star (bias corrrected MLE) 3486

nnu hat (MLE) 16.96 nu star (bia  s corrected) 15.75

Mean (detects) 1373

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 915.2

Maximum 13000 Median 125

SD 2556 CV 2.793

k hat (MLE) 0.166 k s star (bias corrrected MLE) 0.172

Thetta hat (MLE) 5515 Theta s star (bias corrrected MLE) 5334

nnu hat (MLE) 9.957 nu star (bia  s corrected) 10.29

Adjusted  Level of Signnificance (β) 0.041

Apprroximate Chi  Square Valuue (10.29, α) 4.127 AAdjusted Chi  Square Valuue (10.29, β) 3.903

995% Gamma  Approximate e UCL (use w when n>=50) 2283 95% Gamma Adjusteed UCL (use  when n<50) 2414
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266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

Mean (KM) 917.5 SD (KM) 2512

Vaariance (KM) 6312232 SE of  f Mean (KM) 470.6

k hat (KM) 0.133 k star (KM) 0.142

nu hat (KM) 8.002 nnu star (KM) 8.535

theeta hat (KM) 6880 theeta star (KM) 6450

80% % gamma perccentile (KM) 954.6 90% % gamma perccentile (KM) 2699

95% % gamma perccentile (KM) 5100 99% % gamma perccentile (KM) 12148

Appproximate Ch   hi Square Value (8.54, α) 3.049 Adjusted Ch   hi Square Value (8.54, β) 2.862

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 2569 95% Gamma a Adjusted K M-UCL (use  when n<50) 2736

Shhapiro Wilk T Test Statistic 0.96

5% Sh hapiro Wilk C Critical Value 0.905 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.151

5%% Lilliefors C Critical Value 0.192 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 916.8 Mean i   n Log Scale 4.274

SD in Or riginal Scale 2556 SD i   n Log Scale 2.533

95% t U  UCL (assumes s normality o   of ROS data) 1710 95% P Percentile Boootstrap UCL 1766

995% BCA Bootstrap UCL 2243 95% Boottstrap t UCL 3686

95% H-UCL L (Log ROS) 16963

KM Me ean (logged) 4.437 KM M Geo Mean 84.49

KM S SD (logged) 2.287 95% C Critical H Valuue (KM-Log) 4.396

KM Standar  d Error of Me ean (logged) 0.428 95% H-UCL (KM -Log) 7461

KM S SD (logged) 2.287 95% C Critical H Valuue (KM-Log) 4.396

KM Standar  d Error of Me ean (logged) 0.428

Mean in Or riginal Scale 916.4 Mean i   n Log Scale 4.227

SD in Or riginal Scale 2556 SD i   n Log Scale 2.566

95% t U  UCL (Assumees normality) 1709 95%  H-Stat UCL 18652

95% KM (Chebbyshev) UCL 2969

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.
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319

320

321
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343
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350
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352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

Total  Number of O Observations 30 Number r of Distinct O Observations 25

Numbe  er of Detects 20 Number of N Non-Detects 10

Nuumber of Disttinct Detects 18 Numbe  r of Distinct N Non-Detects 7

Minimmum Detect 9 Minimum  Non-Detect 6.9

Maximmum Detect 10000 Maximum  Non-Detect 7.9

Variance Detects 5202608 Percent N Non-Detects 33.33%

Meean Detects 1090 SD Detects 2281

Meddian Detects 195 CV Detects 2.092

Skewnness Detects 3.493 Kurtoosis Detects 13.37

Mean of Loggged Detects 5.682 SD of Loggged Detects 1.675

Shhapiro Wilk T Test Statistic 0.499

5% Sh hapiro Wilk C Critical Value 0.905 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.332

5%% Lilliefors C Critical Value 0.192 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 729.2 KM M Standard Er rror of Mean 353.2

KM SD 1886 95% KM  (BCA) UCL 1402

95%  KM (t) UCL 1329 95% KM (Pe ercentile Boootstrap) UCL 1382

95%  KM (z) UCL 1310 995% KM Boottstrap t UCL 2452

990% KM Chebbyshev UCL 1789 995% KM Chebbyshev UCL 2269

97.5% KM Chebbyshev UCL 2935 999% KM Chebbyshev UCL 4244

A-D T Test Statistic 1.289

5% A-D C Critical Value 0.805 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.259

5% K-S C Critical Value 0.205 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

k hat (MLE) 0.486 k s star (bias corrrected MLE) 0.447

Thetta hat (MLE) 2242 Theta s star (bias corrrected MLE) 2441

nnu hat (MLE) 19.45 nu star (bia  s corrected) 17.87

Mean (detects) 1090

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 726.9

Maximum 10000 Median 140

SD 1919 CV 2.64

k hat (MLE) 0.173 k s star (bias corrrected MLE) 0.178

Thetta hat (MLE) 4190 Theta s star (bias corrrected MLE) 4075
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372

373

374

375

376

377

378

379

380
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383

384

385

386

387

388
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392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

nnu hat (MLE) 10.41 nu star (bia  s corrected) 10.7

Adjusted  Level of Signnificance (β) 0.041

Apprroximate Chi  Square Valuue (10.70, α) 4.385 AAdjusted Chi  Square Valuue (10.70, β) 4.153

995% Gamma  Approximate e UCL (use w when n>=50) 1774 95% Gamma Adjusteed UCL (use  when n<50) 1873

Mean (KM) 729.2 SD (KM) 1886

Vaariance (KM) 3555843 SE of  f Mean (KM) 353.2

k hat (KM) 0.15 k star (KM) 0.157

nu hat (KM) 8.972 nnu star (KM) 9.408

theeta hat (KM) 4876 theeta star (KM) 4650

80% % gamma perccentile (KM) 822.3 90% % gamma perccentile (KM) 2175

95% % gamma perccentile (KM) 3978 99% % gamma perccentile (KM) 9165

Appproximate Ch   hi Square Value (9.41, α) 3.575 Adjusted Ch   hi Square Value (9.41, β) 3.37

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 1919 95% Gamma a Adjusted K M-UCL (use  when n<50) 2036

Shhapiro Wilk T Test Statistic 0.952

5% Sh hapiro Wilk C Critical Value 0.905 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.16

5%% Lilliefors C Critical Value 0.192 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 729.1 Mean i   n Log Scale 4.382

SD in Or riginal Scale 1918 SD i   n Log Scale 2.328

95% t U  UCL (assumes s normality o   of ROS data) 1324 95% P Percentile Boootstrap UCL 1348

995% BCA Bootstrap UCL 1638 95% Boottstrap t UCL 2432

95% H-UCL L (Log ROS) 8278

KM Me ean (logged) 4.432 KM M Geo Mean 84.1

KM S SD (logged) 2.215 95% C Critical H Valuue (KM-Log) 4.279

KM Standar  d Error of Me ean (logged) 0.415 95% H-UCL (KM -Log) 5674

KM S SD (logged) 2.215 95% C Critical H Valuue (KM-Log) 4.279

KM Standar  d Error of Me ean (logged) 0.415

Mean in Or riginal Scale 728.1 Mean i   n Log Scale 4.224

SD in Or riginal Scale 1918 SD i   n Log Scale 2.498

95% t U  UCL (Assumees normality) 1323 95%  H-Stat UCL 13979

95% KM (Chebbyshev) UCL 2269

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.
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477

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 30 Number r of Distinct O Observations 26

Numbe  er of Detects 20 Number of N Non-Detects 10

Nuumber of Disttinct Detects 19 Numbe  r of Distinct N Non-Detects 7

Minimmum Detect 11 Minimum  Non-Detect 6.9

Maximmum Detect 12000 Maximum  Non-Detect 7.9

Variance Detects 7492222 Percent N Non-Detects 33.33%

Meean Detects 1433 SD Detects 2737

Meddian Detects 320 CV Detects 1.91

Skewnness Detects 3.382 Kurtoosis Detects 12.65

Mean of Loggged Detects 6.078 SD of Loggged Detects 1.668

Shhapiro Wilk T Test Statistic 0.535

5% Sh hapiro Wilk C Critical Value 0.905 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.302

5%% Lilliefors C Critical Value 0.192 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 957.5 KM M Standard Er rror of Mean 427

KM SD 2280 95% KM  (BCA) UCL 1723

95%  KM (t) UCL 1683 95% KM (Pe ercentile Boootstrap) UCL 1703

95%  KM (z) UCL 1660 995% KM Boottstrap t UCL 2804

990% KM Chebbyshev UCL 2239 995% KM Chebbyshev UCL 2819

97.5% KM Chebbyshev UCL 3624 999% KM Chebbyshev UCL 5206

A-D T Test Statistic 0.874

5% A-D C Critical Value 0.8 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.205

5% K-S C Critical Value 0.204 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

k hat (MLE) 0.529 k s star (bias corrrected MLE) 0.483

Thetta hat (MLE) 2707 Theta s star (bias corrrected MLE) 2965

nnu hat (MLE) 21.17 nu star (bia  s corrected) 19.33

Mean (detects) 1433

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 955.2
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478
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523

524

525

526

527

528

529

530

Maximum 12000 Median 195

SD 2320 CV 2.428

k hat (MLE) 0.173 k s star (bias corrrected MLE) 0.178

Thetta hat (MLE) 5516 Theta s star (bias corrrected MLE) 5364

nnu hat (MLE) 10.39 nu star (bia  s corrected) 10.68

Adjusted  Level of Signnificance (β) 0.041

Apprroximate Chi  Square Valuue (10.68, α) 4.374 AAdjusted Chi  Square Valuue (10.68, β) 4.142

995% Gamma  Approximate e UCL (use w when n>=50) 2333 95% Gamma Adjusteed UCL (use  when n<50) 2464

Mean (KM) 957.5 SD (KM) 2280

Vaariance (KM) 5196926 SE of  f Mean (KM) 427

k hat (KM) 0.176 k star (KM) 0.181

nu hat (KM) 10.59 nnu star (KM) 10.86

theeta hat (KM) 5427 theeta star (KM) 5290

80% % gamma perccentile (KM) 1192 90% % gamma perccentile (KM) 2889

95% % gamma perccentile (KM) 5059 99% % gamma perccentile (KM) 11135

Apprroximate Chi  Square Valuue (10.86, α) 4.486 AAdjusted Chi  Square Valuue (10.86, β) 4.252

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 2318 95% Gamma a Adjusted K M-UCL (use  when n<50) 2446

Shhapiro Wilk T Test Statistic 0.963

5% Sh hapiro Wilk C Critical Value 0.905 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.148

5%% Lilliefors C Critical Value 0.192 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 958.6 Mean i   n Log Scale 4.787

SD in Or riginal Scale 2318 SD i   n Log Scale 2.314

95% t U  UCL (assumes s normality o   of ROS data) 1678 95% P Percentile Boootstrap UCL 1710

995% BCA Bootstrap UCL 2184 95% Boottstrap t UCL 2801

95% H-UCL L (Log ROS) 11771

KM Me ean (logged) 4.696 KM M Geo Mean 109.5

KM S SD (logged) 2.363 95% C Critical H Valuue (KM-Log) 4.52

KM Standar  d Error of Me ean (logged) 0.443 95% H-UCL (KM -Log) 12980

KM S SD (logged) 2.363 95% C Critical H Valuue (KM-Log) 4.52

KM Standar  d Error of Me ean (logged) 0.443

Mean in Or riginal Scale 956.5 Mean i   n Log Scale 4.487

SD in Or riginal Scale 2319 SD i   n Log Scale 2.657

95% t U  UCL (Assumees normality) 1676 95%  H-Stat UCL 35821
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531
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95% KM (Chebbyshev) UCL 2819

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 30 Number r of Distinct O Observations 25

Numbe  er of Detects 18 Number of N Non-Detects 12

Nuumber of Disttinct Detects 17 Numbe  r of Distinct N Non-Detects 9

Minimmum Detect 7.1 Minimum  Non-Detect 6.9

Maximmum Detect 6500 Maximum  Non-Detect 1900

Variance Detects 2281789 Percent N Non-Detects 40%

Meean Detects 658.8 SD Detects 1511

Meddian Detects 110 CV Detects 2.293

Skewnness Detects 3.791 Kurtoosis Detects 15.15

Mean of Loggged Detects 5.209 SD of Loggged Detects 1.563

Shhapiro Wilk T Test Statistic 0.442

5% Sh hapiro Wilk C Critical Value 0.897 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.333

5%% Lilliefors C Critical Value 0.202 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 404.3 KM M Standard Er rror of Mean 222.2

KM SD 1181 95% KM  (BCA) UCL 850.2

95%  KM (t) UCL 781.9 95% KM (Pe ercentile Boootstrap) UCL 811.4

95%  KM (z) UCL 769.8 995% KM Boottstrap t UCL 1763

990% KM Chebbyshev UCL 1071 995% KM Chebbyshev UCL 1373

97.5% KM Chebbyshev UCL 1792 999% KM Chebbyshev UCL 2615

A-D T Test Statistic 1.402

5% A-D C Critical Value 0.801 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.243

5% K-S C Critical Value 0.215 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

k hat (MLE) 0.496 k s star (bias corrrected MLE) 0.451

Thetta hat (MLE) 1327 Theta s star (bias corrrected MLE) 1462

nnu hat (MLE) 17.87 nu star (bia  s corrected) 16.22

Mean (detects) 658.8

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)
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For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 395.3

Maximum 6500 Median 64.5

SD 1202 CV 3.042

k hat (MLE) 0.162 k s star (bias corrrected MLE) 0.168

Thetta hat (MLE) 2442 Theta s star (bias corrrected MLE) 2355

nnu hat (MLE) 9.711 nu star (bia  s corrected) 10.07

Adjusted  Level of Signnificance (β) 0.041

Apprroximate Chi  Square Valuue (10.07, α) 3.987 AAdjusted Chi  Square Valuue (10.07, β) 3.768

995% Gamma  Approximate e UCL (use w when n>=50) 998.5 95% Gamma Adjusteed UCL (use  when n<50) 1057

Mean (KM) 404.3 SD (KM) 1181

Vaariance (KM) 1395160 SE of  f Mean (KM) 222.2

k hat (KM) 0.117 k star (KM) 0.128

nu hat (KM) 7.029 nnu star (KM) 7.66

theeta hat (KM) 3451 theeta star (KM) 3167

80% % gamma perccentile (KM) 379.1 90% % gamma perccentile (KM) 1164

95% % gamma perccentile (KM) 2288 99% % gamma perccentile (KM) 5667

Appproximate Ch   hi Square Value (7.66, α) 2.54 Adjusted Ch   hi Square Value (7.66, β) 2.373

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 1219 95% Gamma a Adjusted K M-UCL (use  when n<50) 1305

Shhapiro Wilk T Test Statistic 0.938

5% Sh hapiro Wilk C Critical Value 0.897 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.183

5%% Lilliefors C Critical Value 0.202 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 398.9 Mean i   n Log Scale 3.877

SD in Or riginal Scale 1201 SD i   n Log Scale 2.101

95% t U  UCL (assumes s normality o   of ROS data) 771.5 95% P Percentile Boootstrap UCL 815.3

995% BCA Bootstrap UCL 1024 95% Boottstrap t UCL 1857

95% H-UCL L (Log ROS) 2170

KM Me ean (logged) 3.963 KM M Geo Mean 52.62

KM S SD (logged) 1.982 95% C Critical H Valuue (KM-Log) 3.906

KM Standar  d Error of Me ean (logged) 0.378 95% H-UCL (KM -Log) 1577

KM S SD (logged) 1.982 95% C Critical H Valuue (KM-Log) 3.906

KM Standar  d Error of Me ean (logged) 0.378

Mean in Or riginal Scale 428.3 Mean i   n Log Scale 3.833

SD in Or riginal Scale 1203 SD i   n Log Scale 2.312

95% t U  UCL (Assumees normality) 801.6 95%  H-Stat UCL 4492
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95% KM (Chebbyshev) UCL 1373

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 30 Number r of Distinct O Observations 24

Numbe  er of Detects 20 Number of N Non-Detects 10

Nuumber of Disttinct Detects 18 Numbe  r of Distinct N Non-Detects 7

Minimmum Detect 5.4 Minimum  Non-Detect 6.9

Maximmum Detect 2900 Maximum  Non-Detect 7.9

Variance Detects 408235 Percent N Non-Detects 33.33%

Meean Detects 305 SD Detects 638.9

Meddian Detects 74 CV Detects 2.095

Skewnness Detects 3.881 Kurtoosis Detects 16.15

Mean of Loggged Detects 4.636 SD of Loggged Detects 1.482

Shhapiro Wilk T Test Statistic 0.458

5% Sh hapiro Wilk C Critical Value 0.905 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.32

5%% Lilliefors C Critical Value 0.192 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 205.1 KM M Standard Er rror of Mean 98.85

KM SD 527.7 95% KM  (BCA) UCL 395.9

95%  KM (t) UCL 373.1 95% KM (Pe ercentile Boootstrap) UCL 387

95%  KM (z) UCL 367.7 995% KM Boottstrap t UCL 710.9

990% KM Chebbyshev UCL 501.7 995% KM Chebbyshev UCL 636

97.5% KM Chebbyshev UCL 822.5 999% KM Chebbyshev UCL 1189

A-D T Test Statistic 1.209

5% A-D C Critical Value 0.796 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.259

5% K-S C Critical Value 0.204 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

k hat (MLE) 0.574 k s star (bias corrrected MLE) 0.521

Thetta hat (MLE) 531.5 Theta s star (bias corrrected MLE) 585.3

nnu hat (MLE) 22.95 nu star (bia  s corrected) 20.84

Mean (detects) 305
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GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 203.3

Maximum 2900 Median 50.5

SD 537.4 CV 2.643

k hat (MLE) 0.196 k s star (bias corrrected MLE) 0.199

Thetta hat (MLE) 1036 Theta s star (bias corrrected MLE) 1022

nnu hat (MLE) 11.78 nu star (bia  s corrected) 11.94

Adjusted  Level of Signnificance (β) 0.041

Apprroximate Chi  Square Valuue (11.94, α) 5.185 AAdjusted Chi  Square Valuue (11.94, β) 4.929

995% Gamma  Approximate e UCL (use w when n>=50) 468.1 95% Gamma Adjusteed UCL (use  when n<50) 492.4

Mean (KM) 205.1 SD (KM) 527.7

Vaariance (KM) 278490 SE of  f Mean (KM) 98.85

k hat (KM) 0.151 k star (KM) 0.158

nu hat (KM) 9.067 nnu star (KM) 9.494

theeta hat (KM) 1358 theeta star (KM) 1297

80% % gamma perccentile (KM) 232.9 90% % gamma perccentile (KM) 612.4

95% % gamma perccentile (KM) 1117 99% % gamma perccentile (KM) 2566

Appproximate Ch   hi Square Value (9.49, α) 3.628 Adjusted Ch   hi Square Value (9.49, β) 3.421

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 536.8 95% Gamma a Adjusted K M-UCL (use  when n<50) 569.3

Shhapiro Wilk T Test Statistic 0.949

5% Sh hapiro Wilk C Critical Value 0.905 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.159

5%% Lilliefors C Critical Value 0.192 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 205.2 Mean i   n Log Scale 3.632

SD in Or riginal Scale 536.7 SD i   n Log Scale 1.894

95% t U  UCL (assumes s normality o   of ROS data) 371.7 95% P Percentile Boootstrap UCL 387.1

995% BCA Bootstrap UCL 491.5 95% Boottstrap t UCL 737.3

95% H-UCL L (Log ROS) 854.5

KM Me ean (logged) 3.655 KM M Geo Mean 38.68

KM S SD (logged) 1.821 95% C Critical H Valuue (KM-Log) 3.653

KM Standar  d Error of Me ean (logged) 0.341 95% H-UCL (KM -Log) 698.2

KM S SD (logged) 1.821 95% C Critical H Valuue (KM-Log) 3.653

KM Standar  d Error of Me ean (logged) 0.341
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Mean in Or riginal Scale 204.6 Mean i   n Log Scale 3.526

SD in Or riginal Scale 537 SD i   n Log Scale 1.997

95% t U  UCL (Assumees normality) 371.1 95%  H-Stat UCL 1073

KM H-UCL 698.2

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 30 Number r of Distinct O Observations 22

Numbe  er of Detects 7 Number of N Non-Detects 23

Nuumber of Disttinct Detects 7 Numbe  r of Distinct N Non-Detects 15

Minimmum Detect 3.2 Minimum  Non-Detect 6.9

Maximmum Detect 63000 Maximum  Non-Detect 83

Variance Detects 5.625E+8 Percent N Non-Detects 76.67%

Meean Detects 9224 SD Detects 23717

Meddian Detects 32 CV Detects 2.571

Skewnness Detects 2.644 Kurtoosis Detects 6.991

Mean of Loggged Detects 4.898 SD of Loggged Detects 3.31

Shhapiro Wilk T Test Statistic 0.466

5% Sh hapiro Wilk C Critical Value 0.803 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.488

5%% Lilliefors C Critical Value 0.304 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 2156 KM M Standard Er rror of Mean 2229

KM SD 11301 95% KM  (BCA) UCL 6355

95%  KM (t) UCL 5942 95% KM (Pe ercentile Boootstrap) UCL 6354

95%  KM (z) UCL 5821 995% KM Boottstrap t UCL 693743

990% KM Chebbyshev UCL 8841 995% KM Chebbyshev UCL 11870

97.5% KM Chebbyshev UCL 16073 999% KM Chebbyshev UCL 24330

A-D T Test Statistic 0.948

5% A-D C Critical Value 0.843 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.314

5% K-S C Critical Value 0.345 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level
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k hat (MLE) 0.177 k s star (bias corrrected MLE) 0.196

Thetta hat (MLE) 52065 Theta s star (bias corrrected MLE) 46948

nnu hat (MLE) 2.48 nu star (bia  s corrected) 2.751

Mean (detects) 9224

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 2152

Maximum 63000 Median 0.01

SD 11495 CV 5.341

k hat (MLE) 0.0826 k s star (bias corrrected MLE) 0.0966

Thetta hat (MLE) 26058 Theta s star (bias corrrected MLE) 22290

nnu hat (MLE) 4.956 nu star (bia  s corrected) 5.794

Adjusted  Level of Signnificance (β) 0.041

Appproximate Ch   hi Square Value (5.79, α) 1.535 Adjusted Ch   hi Square Value (5.79, β) 1.413

995% Gamma  Approximate e UCL (use w when n>=50) 8122 95% Gamma Adjusteed UCL (use  when n<50) 8822

Mean (KM) 2156 SD (KM) 11301

Vaariance (KM) 1.277E+8 SE of  f Mean (KM) 2229

k hat (KM) 0.0364 k star (KM) 0.055

nu hat (KM) 2.183 nnu star (KM) 3.298

theeta hat (KM) 59247 theeta star (KM) 39216

80% % gamma perccentile (KM) 400.9 90% % gamma perccentile (KM) 3693

95% % gamma perccentile (KM) 11819 99% % gamma perccentile (KM) 45125

Appproximate Ch   hi Square Value (3.30, α) 0.466 Adjusted Ch   hi Square Value (3.30, β) 0.414

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 15258 95% Gamma a Adjusted K M-UCL (use  when n<50) 17192

95% Ga amma Adjusteed KM-UCL ( (use when k< <=1 and 15 <   n < 50)

Shhapiro Wilk T Test Statistic 0.91

5% Sh hapiro Wilk C Critical Value 0.803 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.239

5%% Lilliefors C Critical Value 0.304 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 2153 Mean i   n Log Scale 0.805

SD in Or riginal Scale 11495 SD i   n Log Scale 2.967

95% t U  UCL (assumes s normality o   of ROS data) 5719 95% P Percentile Boootstrap UCL 6311

995% BCA Bootstrap UCL 8455 95% Boottstrap t UCL 712822

95% H-UCL L (Log ROS) 3837

KM Me ean (logged) 2.106 KM M Geo Mean 8.219

KM S SD (logged) 2.169 95% C Critical H Valuue (KM-Log) 4.206

KM Standar  d Error of Me ean (logged) 0.436 95% H-UCL (KM -Log) 470.2
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KM S SD (logged) 2.169 95% C Critical H Valuue (KM-Log) 4.206

KM Standar  d Error of Me ean (logged) 0.436

Mean in Or riginal Scale 2163 Mean i   n Log Scale 2.694

SD in Or riginal Scale 11493 SD i   n Log Scale 2.171

95% t U  UCL (Assumees normality) 5728 95%  H-Stat UCL 851.7

a Adjusted KM M-UCL (use w when k<=1 a nd 15 < n < 5  50 but k<=1) 17192

When a da ata set followws an approxiimate (e.g., n normal) distribbution passinng one of the  GOF test

When appliccable, it is su uggested to u use a UCL ba ased upon a   distribution ( e.g., gamma  ) passing bot th GOF tests s in ProUCL

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 30 Number r of Distinct O Observations 22

Numbe  er of Detects 14 Number of N Non-Detects 16

Nuumber of Disttinct Detects 12 Numbe  r of Distinct N Non-Detects 11

Minimmum Detect 14 Minimum  Non-Detect 35

Maximmum Detect 41000 Maximum  Non-Detect 410

Variance Detects 1.188E+8 Percent N Non-Detects 53.33%

Meean Detects 3143 SD Detects 10900

Meddian Detects 109.5 CV Detects 3.468

Skewnness Detects 3.737 Kurtoosis Detects 13.98

Mean of Loggged Detects 4.944 SD of Loggged Detects 2.186

Shhapiro Wilk T Test Statistic 0.317

5% Sh hapiro Wilk C Critical Value 0.874 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.51

5%% Lilliefors C Critical Value 0.226 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 1484 KM M Standard Er rror of Mean 1391

KM SD 7341 95% KM  (BCA) UCL 4232

95%  KM (t) UCL 3847 95% KM (Pe ercentile Boootstrap) UCL 4197

95%  KM (z) UCL 3772 995% KM Boottstrap t UCL 66401

990% KM Chebbyshev UCL 5657 995% KM Chebbyshev UCL 7547

97.5% KM Chebbyshev UCL 10170 999% KM Chebbyshev UCL 15324
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A-D T Test Statistic 2.211

5% A-D C Critical Value 0.865 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.348

5% K-S C Critical Value 0.251 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

k hat (MLE) 0.231 k s star (bias corrrected MLE) 0.229

Thetta hat (MLE) 13584 Theta s star (bias corrrected MLE) 13700

nnu hat (MLE) 6.478 nu star (bia  s corrected) 6.423

Mean (detects) 3143

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 1467

Maximum 41000 Median 0.01

SD 7470 CV 5.093

k hat (MLE) 0.108 k s star (bias corrrected MLE) 0.119

Thetta hat (MLE) 13569 Theta s star (bias corrrected MLE) 12273

nnu hat (MLE) 6.485 nu star (bia  s corrected) 7.17

Adjusted  Level of Signnificance (β) 0.041

Appproximate Ch   hi Square Value (7.17, α) 2.264 Adjusted Ch   hi Square Value (7.17, β) 2.109

995% Gamma  Approximate e UCL (use w when n>=50) 4644 95% Gamma Adjusteed UCL (use  when n<50) 4987

Mean (KM) 1484 SD (KM) 7341

Vaariance (KM) 53892688 SE of  f Mean (KM) 1391

k hat (KM) 0.0409 k star (KM) 0.059

nu hat (KM) 2.452 nnu star (KM) 3.54

theeta hat (KM) 36314 theeta star (KM) 25152

80% % gamma perccentile (KM) 341.6 90% % gamma perccentile (KM) 2745

95% % gamma perccentile (KM) 8286 99% % gamma perccentile (KM) 30156

Appproximate Ch   hi Square Value (3.54, α) 0.549 Adjusted Ch   hi Square Value (3.54, β) 0.489

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 9571 95% Gamma a Adjusted K M-UCL (use  when n<50) 10737

95% Ga amma Adjusteed KM-UCL ( (use when k< <=1 and 15 <   n < 50)

Shhapiro Wilk T Test Statistic 0.881

5% Sh hapiro Wilk C Critical Value 0.874 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.171

5%% Lilliefors C Critical Value 0.226 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 1480 Mean i   n Log Scale 3.874

SD in Or riginal Scale 7467 SD i   n Log Scale 1.867
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955

956

957

958

959

960

961

962

963

964

965

966

967

968

969

970

971

972

973

974

975

976

977

978

979

980

981

982

983

984

985

986

987

988

989

990

991

992

993

994

995

996

997

998

999

1000

1001

1002

1003

1004

1005

1006

1007

95% t U  UCL (assumes s normality o   of ROS data) 3796 95% P Percentile Boootstrap UCL 4194

995% BCA Bootstrap UCL 6918 95% Boottstrap t UCL 73447

95% H-UCL L (Log ROS) 999.8

KM Me ean (logged) 3.936 KM M Geo Mean 51.23

KM S SD (logged) 1.8 95% C Critical H Valuue (KM-Log) 3.621

KM Standar  d Error of Me ean (logged) 0.359 95% H-UCL (KM -Log) 868

KM S SD (logged) 1.8 95% C Critical H Valuue (KM-Log) 3.621

KM Standar  d Error of Me ean (logged) 0.359

Mean in Or riginal Scale 1522 Mean i   n Log Scale 4.48

SD in Or riginal Scale 7459 SD i   n Log Scale 1.758

95% t U  UCL (Assumees normality) 3836 95%  H-Stat UCL 1319

97.5% KM (Chebbyshev) UCL 10170

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 30 Number r of Distinct O Observations 19

Numbe  er of Detects 10 Number of N Non-Detects 20

Nuumber of Disttinct Detects 10 Numbe  r of Distinct N Non-Detects 9

Minimmum Detect 0.17 Minimum  Non-Detect 0.97

Maximmum Detect 6800 Maximum  Non-Detect 54

Variance Detects 4558056 Percent N Non-Detects 66.67%

Meean Detects 731.2 SD Detects 2135

Meddian Detects 11.9 CV Detects 2.92

Skewnness Detects 3.148 Kurtoosis Detects 9.933

Mean of Loggged Detects 2.581 SD of Loggged Detects 3.31

Shhapiro Wilk T Test Statistic 0.398

5% Sh hapiro Wilk C Critical Value 0.842 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.473

5%% Lilliefors C Critical Value 0.262 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 244.5 KM M Standard Er rror of Mean 234.6

KM SD 1219 95% KM  (BCA) UCL 694.8
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1008

1009

1010

1011

1012

1013

1014

1015

1016

1017

1018

1019

1020

1021

1022

1023

1024

1025

1026

1027

1028

1029

1030

1031

1032

1033

1034

1035

1036

1037

1038

1039

1040

1041

1042

1043

1044

1045

1046

1047

1048

1049

1050

1051

1052

1053

1054

1055

1056

1057

1058

1059

1060

95%  KM (t) UCL 643.1 95% KM (Pe ercentile Boootstrap) UCL 694.4

95%  KM (z) UCL 630.3 995% KM Boottstrap t UCL 14477

990% KM Chebbyshev UCL 948.2 995% KM Chebbyshev UCL 1267

97.5% KM Chebbyshev UCL 1709 999% KM Chebbyshev UCL 2579

A-D T Test Statistic 0.925

5% A-D C Critical Value 0.868 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.257

5% K-S C Critical Value 0.296 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 0.185 k s star (bias corrrected MLE) 0.197

Thetta hat (MLE) 3942 Theta s star (bias corrrected MLE) 3721

nnu hat (MLE) 3.71 nu star (bia  s corrected) 3.93

Mean (detects) 731.2

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 243.7

Maximum 6800 Median 0.01

SD 1240 CV 5.087

k hat (MLE) 0.105 k s star (bias corrrected MLE) 0.117

Thetta hat (MLE) 2327 Theta s star (bias corrrected MLE) 2092

nnu hat (MLE) 6.286 nu star (bia  s corrected) 6.991

Adjusted  Level of Signnificance (β) 0.041

Appproximate Ch   hi Square Value (6.99, α) 2.165 Adjusted Ch   hi Square Value (6.99, β) 2.014

995% Gamma  Approximate e UCL (use w when n>=50) 786.9 95% Gamma Adjusteed UCL (use  when n<50) 846

Mean (KM) 244.5 SD (KM) 1219

Vaariance (KM) 1485884 SE of  f Mean (KM) 234.6

k hat (KM) 0.0402 k star (KM) 0.0584

nu hat (KM) 2.413 nnu star (KM) 3.505

theeta hat (KM) 6078 theeta star (KM) 4185

80% % gamma perccentile (KM) 54.66 90% % gamma perccentile (KM) 447.5

95% % gamma perccentile (KM) 1362 99% % gamma perccentile (KM) 4988

Appproximate Ch   hi Square Value (3.51, α) 0.537 Adjusted Ch   hi Square Value (3.51, β) 0.478

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 1597 95% Gamma a Adjusted K M-UCL (use  when n<50) 1793

95% Ga amma Adjusteed KM-UCL ( (use when k< <=1 and 15 <   n < 50)

Shhapiro Wilk T Test Statistic 0.961

5% Sh hapiro Wilk C Critical Value 0.842 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.145

5%% Lilliefors C Critical Value 0.262 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel
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1061

1062

1063

1064

1065

1066

1067

1068

1069

1070

1071

1072

1073

1074

1075

1076

1077

1078

1079

1080

1081

1082

1083

1084

1085

1086

1087

1088

1089

1090

1091

1092

1093

1094

1095

1096

1097

1098

1099

1100

1101

1102

1103

1104

1105

1106

1107

1108

1109

1110

1111

1112

1113

Mean in Or riginal Scale 244.3 Mean i   n Log Scale 0.163

SD in Or riginal Scale 1240 SD i   n Log Scale 2.811

95% t U  UCL (assumes s normality o   of ROS data) 628.9 95% P Percentile Boootstrap UCL 693.2

995% BCA Bootstrap UCL 937.7 95% Boottstrap t UCL 15033

95% H-UCL L (Log ROS) 953.6

KM Me ean (logged) 0.267 KM M Geo Mean 1.306

KM S SD (logged) 2.576 95% C Critical H Valuue (KM-Log) 4.871

KM Standar  d Error of Me ean (logged) 0.552 95% H-UCL (KM -Log) 370.5

KM S SD (logged) 2.576 95% C Critical H Valuue (KM-Log) 4.871

KM Standar  d Error of Me ean (logged) 0.552

Mean in Or riginal Scale 247.6 Mean i   n Log Scale 1.413

SD in Or riginal Scale 1239 SD i   n Log Scale 2.38

95% t U  UCL (Assumees normality) 632 95%  H-Stat UCL 520.4

a Adjusted KM M-UCL (use w when k<=1 a nd 15 < n < 5  50 but k<=1) 1793

When a da ata set followws an approxiimate (e.g., n normal) distribbution passinng one of the  GOF test

When appliccable, it is su uggested to u use a UCL ba ased upon a   distribution ( e.g., gamma  ) passing bot th GOF tests s in ProUCL

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 30 Number r of Distinct O Observations 21

Numbe  er of Detects 18 Number of N Non-Detects 12

Nuumber of Disttinct Detects 17 Numbe  r of Distinct N Non-Detects 4

Minimmum Detect 3.6 Minimum  Non-Detect 9.7

Maximmum Detect 100000 Maximum  Non-Detect 12

Variance Detects 5.530E+8 Percent N Non-Detects 40%

Meean Detects 5820 SD Detects 23516

Meddian Detects 23 CV Detects 4.041

Skewnness Detects 4.236 Kurtoosis Detects 17.96

Mean of Loggged Detects 3.768 SD of Loggged Detects 2.759

Shhapiro Wilk T Test Statistic 0.268
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1114

1115

1116

1117

1118

1119

1120

1121

1122

1123

1124

1125

1126

1127

1128

1129

1130

1131

1132

1133

1134

1135

1136

1137

1138

1139

1140

1141

1142

1143

1144

1145

1146

1147

1148

1149

1150

1151

1152

1153

1154

1155

1156

1157

1158

1159

1160

1161

1162

1163

1164

1165

1166

5% Sh hapiro Wilk C Critical Value 0.897 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.492

5%% Lilliefors C Critical Value 0.202 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 3494 KM M Standard Er rror of Mean 3368

KM SD 17930 95% KM  (BCA) UCL 10118

95%  KM (t) UCL 9218 95% KM (Pe ercentile Boootstrap) UCL 10130

95%  KM (z) UCL 9035 995% KM Boottstrap t UCL 291704

990% KM Chebbyshev UCL 13599 995% KM Chebbyshev UCL 18177

97.5% KM Chebbyshev UCL 24530 999% KM Chebbyshev UCL 37009

A-D T Test Statistic 3.377

5% A-D C Critical Value 0.93 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.362

5% K-S C Critical Value 0.229 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

k hat (MLE) 0.156 k s star (bias corrrected MLE) 0.167

Thetta hat (MLE) 37325 Theta s star (bias corrrected MLE) 34855

nnu hat (MLE) 5.613 nu star (bia  s corrected) 6.011

Mean (detects) 5820

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 3492

Maximum 100000 Median 4.55

SD 18237 CV 5.222

k hat (MLE) 0.104 k s star (bias corrrected MLE) 0.116

Thetta hat (MLE) 33460 Theta s star (bias corrrected MLE) 30065

nnu hat (MLE) 6.262 nu star (bia  s corrected) 6.969

Adjusted  Level of Signnificance (β) 0.041

Appproximate Ch   hi Square Value (6.97, α) 2.153 Adjusted Ch   hi Square Value (6.97, β) 2.003

995% Gamma  Approximate e UCL (use w when n>=50) 11300 95% Gamma Adjusteed UCL (use  when n<50) 12152

Mean (KM) 3494 SD (KM) 17930

Vaariance (KM) 3.215E+8 SE of  f Mean (KM) 3368

k hat (KM) 0.038 k star (KM) 0.0564

nu hat (KM) 2.279 nnu star (KM) 3.384

theeta hat (KM) 92001 theeta star (KM) 61950

80% % gamma perccentile (KM) 703.9 90% % gamma perccentile (KM) 6162

95% % gamma perccentile (KM) 19294 99% % gamma perccentile (KM) 72367

Appproximate Ch   hi Square Value (3.38, α) 0.495 Adjusted Ch   hi Square Value (3.38, β) 0.44
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1167

1168

1169

1170

1171

1172

1173

1174

1175

1176

1177

1178

1179

1180

1181

1182

1183

1184

1185

1186

1187

1188

1189

1190

1191

1192

1193

1194

1195

1196

1197

1198

1199

1200

1201

1202

1203

1204

1205

1206

1207

1208

1209

1210

1211

1212

1213

1214

1215

1216

1217

1218

1219

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 23899 95% Gamma a Adjusted K M-UCL (use  when n<50) 26887

95% Ga amma Adjusteed KM-UCL ( (use when k< <=1 and 15 <   n < 50)

Shhapiro Wilk T Test Statistic 0.827

5% Sh hapiro Wilk C Critical Value 0.897 Deetected Data  Not Lognormmal at 5% Significance Levvel

Lilliefors T Test Statistic 0.185

5%% Lilliefors C Critical Value 0.202 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 3495 Mean i   n Log Scale 2.907

SD in Or riginal Scale 18236 SD i   n Log Scale 2.484

95% t U  UCL (assumes s normality o   of ROS data) 9153 95% P Percentile Boootstrap UCL 10128

995% BCA Bootstrap UCL 13582 95% Boottstrap t UCL 292295

95% H-UCL L (Log ROS) 3525

KM Me ean (logged) 2.935 KM M Geo Mean 18.81

KM S SD (logged) 2.322 95% C Critical H Valuue (KM-Log) 4.453

KM Standar  d Error of Me ean (logged) 0.44 95% H-UCL (KM -Log) 1901

KM S SD (logged) 2.322 95% C Critical H Valuue (KM-Log) 4.453

KM Standar  d Error of Me ean (logged) 0.44

Mean in Or riginal Scale 3494 Mean i   n Log Scale 2.935

SD in Or riginal Scale 18236 SD i   n Log Scale 2.354

95% t U  UCL (Assumees normality) 9151 95%  H-Stat UCL 2151

97.5% KM (Chebbyshev) UCL 24530

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 30 Number r of Distinct O Observations 12

Numbe  er of Detects 2 Number of N Non-Detects 28

Nuumber of Disttinct Detects 2 Numbe  r of Distinct N Non-Detects 10

Minimmum Detect 40 Minimum  Non-Detect 0.97

Maximmum Detect 800 Maximum  Non-Detect 54

Variance Detects 288800 Percent N Non-Detects 93.33%

Meean Detects 420 SD Detects 537.4

Meddian Detects 420 CV Detects 1.28
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1220

1221

1222

1223

1224

1225

1226

1227

1228

1229

1230

1231

1232

1233

1234

1235

1236

1237

1238

1239

1240

1241

1242

1243

1244

1245

1246

1247

1248

1249

1250

1251

1252

1253

1254

1255

1256

1257

1258

1259

1260

1261

1262

1263

1264

1265

1266

1267

1268

1269

1270

1271

1272

Skewnness Detects N/A Kurtoosis Detects N/A

Mean of Loggged Detects 5.187 SD of Loggged Detects 2.118

KM Mean 28.95 KM M Standard Er rror of Mean 37.02

KM SD 143.4 95% KM  (BCA) UCL N/A

95%  KM (t) UCL 91.85 95% KM (Pe ercentile Boootstrap) UCL N/A

95%  KM (z) UCL 89.84 995% KM Boottstrap t UCL N/A

990% KM Chebbyshev UCL 140 995% KM Chebbyshev UCL 190.3

97.5% KM Chebbyshev UCL 260.1 999% KM Chebbyshev UCL 397.3

k hat (MLE) 0.707 k s star (bias corrrected MLE) N/A

Thetta hat (MLE) 594 Theta s star (bias corrrected MLE) N/A

nnu hat (MLE) 2.828 nu star (bia  s corrected) N/A

Mean (detects) 420

Mean (KM) 28.95 SD (KM) 143.4

Vaariance (KM) 20551 SE of  f Mean (KM) 37.02

k hat (KM) 0.0408 k star (KM) 0.0589

nu hat (KM) 2.447 nnu star (KM) 3.536

theeta hat (KM) 709.8 theeta star (KM) 491.3

80% % gamma perccentile (KM) 6.64 90% % gamma perccentile (KM) 53.48

95% % gamma perccentile (KM) 161.6 99% % gamma perccentile (KM) 588.6

Adjusted  Level of Signnificance (β) 0.041

Appproximate Ch   hi Square Value (3.54, α) 0.547 Adjusted Ch   hi Square Value (3.54, β) 0.488

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 187 95% Gamma a Adjusted K M-UCL (use  when n<50) 209.8

95% Ga amma Adjusteed KM-UCL ( (use when k< <=1 and 15 <   n < 50)

Mean in Or riginal Scale 28.03 Mean i   n Log Scale -6.151

SD in Or riginal Scale 146 SD i   n Log Scale 4.538

95% t U  UCL (assumes s normality o   of ROS data) 73.32 95% P Percentile Boootstrap UCL 81.36

995% BCA Bootstrap UCL 134.7 95% Boottstrap t UCL 38373

95% H-UCL L (Log ROS) 64582
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1273

1274

1275

1276

1277

1278

1279

1280

1281

1282

1283

1284

1285

1286

1287

1288

1289

1290

1291

1292

1293

1294

1295

1296

1297

1298

1299

1300

1301

1302

1303

1304

1305

1306

1307

1308

1309

1310

1311

1312

1313

1314

1315

1316

1317

1318

1319

1320

1321

1322

1323

1324

1325

KM Me ean (logged) 0.322 KM M Geo Mean 1.38

KM S SD (logged) 1.363 95% C Critical H Valuue (KM-Log) 2.965

KM Standar  d Error of Me ean (logged) 0.353 95% H-UCL (KM -Log) 7.391

KM S SD (logged) 1.363 95% C Critical H Valuue (KM-Log) 2.965

KM Standar  d Error of Me ean (logged) 0.353

Mean in Or riginal Scale 33.26 Mean i   n Log Scale 1.171

SD in Or riginal Scale 145.1 SD i   n Log Scale 1.84

95% t U  UCL (Assumees normality) 78.27 95%  H-Stat UCL 61.72

97.5% KM (Chebbyshev) UCL 260.1

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 30 Number r of Distinct O Observations 25

Number  of Missing O Observations 0

Minimum 1300 Mean 8623

Maximum 17000 Median 8650

SD 3206 Std. Er rror of Mean 585.4

Coefficient  of Variation 0.372 Skewness 0.505

Shhapiro Wilk T Test Statistic 0.943

5% Sh hapiro Wilk C Critical Value 0.927 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.167

5%% Lilliefors C Critical Value 0.159 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 9618 995% Adjustedd-CLT UCL ( Chen-1995) 9644

95% Modifieed-t UCL (Johhnson-1978) 9627

A-D T Test Statistic 1.01

5% A-D C Critical Value 0.746 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.177

5% K-S C Critical Value 0.16 Daata Not Gammma Distributeed at 5% Signnificance Levvel
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1326

1327

1328

1329

1330

1331

1332

1333

1334

1335

1336

1337

1338

1339

1340

1341

1342

1343

1344

1345

1346

1347

1348

1349

1350

1351

1352

1353

1354

1355

1356

1357

1358

1359

1360

1361

1362

1363

1364

1365

1366

1367

1368

1369

1370

1371

1372

1373

1374

1375

1376

1377

1378

k hat (MLE) 6.012 k s star (bias corrrected MLE) 5.433

Thetta hat (MLE) 1434 Theta s star (bias corrrected MLE) 1587

nnu hat (MLE) 360.7 nu star (bia  s corrected) 326

MLLE Mean (bia  s corrected) 8623 MLE Sd (bia  s corrected) 3700

AApproximate  Chi Square V Value (0.05) 285.1

Adjusted Level of S Significance 0.041 Adjusted Chi Sq quare Value 282.9

955% Approximmate Gamma  UCL (use wh hen n>=50)) 9858 95% Adjjusted Gammma UCL (use  when n<50) 9935

Shhapiro Wilk T Test Statistic 0.834

5% Sh hapiro Wilk C Critical Value 0.927 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.21

5%% Lilliefors C Critical Value 0.159 Data Not L Lognormal at   5% Significaance Level

MMinimum of L Logged Data 7.17 Mean of l  logged Data 8.977

MMaximum of L Logged Data 9.741 SD of l  logged Data 0.472

95% H-UCL 10483 90% C Chebyshev (M MVUE) UCL 11186

95% C Chebyshev (M MVUE) UCL 12260 97.5% C Chebyshev (M MVUE) UCL 13751

99% C Chebyshev (M MVUE) UCL 16679

95% CLT UCL 9586 95% Jac ckknife UCL 9618

95%  Standard Bootstrap UCL 9582 95% Boottstrap-t UCL 9688

955% Hall's Boootstrap UCL 9852 95% P Percentile Boootstrap UCL 9587

995% BCA Bootstrap UCL 9577

90% Cheebyshev(Meaan, Sd) UCL 10380 95% Cheebyshev(Meaan, Sd) UCL 11175

97.5% Cheebyshev(Meaan, Sd) UCL 12279 99% Cheebyshev(Meaan, Sd) UCL 14448

95% Studdent's-t UCL 9618

When a da ata set followws an approxiimate (e.g., n normal) distribbution passinng one of the  GOF test

When appliccable, it is su uggested to u use a UCL ba ased upon a   distribution ( e.g., gamma  ) passing bot th GOF tests s in ProUCL

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.



A B C D E F G H I J K L

1379

1380

1381

1382

1383

1384

1385

1386

1387

1388

1389

1390

1391

1392

1393

1394

1395

1396

1397

1398

1399

1400

1401

1402

1403

1404

1405

1406

1407

1408

1409

1410

1411

1412

1413

1414

1415

1416

1417

1418

1419

1420

1421

1422

1423

1424

1425

1426

1427

1428

1429

1430

1431

Total  Number of O Observations 30 Number r of Distinct O Observations 23

Numbe  er of Detects 29 Number of N Non-Detects 1

Nuumber of Disttinct Detects 22 Numbe  r of Distinct N Non-Detects 1

Minimmum Detect 1 Minimum  Non-Detect 4.3

Maximmum Detect 31 Maximum  Non-Detect 4.3

Variance Detects 55.26 Percent N Non-Detects 3.333%

Meean Detects 7.176 SD Detects 7.434

Meddian Detects 3.3 CV Detects 1.036

Skewnness Detects 1.694 Kurtoosis Detects 2.837

Mean of Loggged Detects 1.501 SD of Loggged Detects 0.983

Shhapiro Wilk T Test Statistic 0.772

5% Sh hapiro Wilk C Critical Value 0.926 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.244

5%% Lilliefors C Critical Value 0.161 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 7.008 KM M Standard Er rror of Mean 1.345

KM SD 7.24 95% KM  (BCA) UCL 9.546

95%  KM (t) UCL 9.294 95% KM (Pe ercentile Boootstrap) UCL 9.327

95%  KM (z) UCL 9.221 995% KM Boottstrap t UCL 10.25

990% KM Chebbyshev UCL 11.04 995% KM Chebbyshev UCL 12.87

97.5% KM Chebbyshev UCL 15.41 999% KM Chebbyshev UCL 20.39

A-D T Test Statistic 1.11

5% A-D C Critical Value 0.769 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.185

5% K-S C Critical Value 0.167 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

k hat (MLE) 1.204 k s star (bias corrrected MLE) 1.102

Thetta hat (MLE) 5.96 Theta s star (bias corrrected MLE) 6.509

nnu hat (MLE) 69.83 nu star (bia  s corrected) 63.94

Mean (detects) 7.176

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 1 Mean 6.992

Maximum 31 Median 3.2

SD 7.374 CV 1.055

k hat (MLE) 1.187 k s star (bias corrrected MLE) 1.091

Thetta hat (MLE) 5.889 Theta s star (bias corrrected MLE) 6.41

nnu hat (MLE) 71.24 nu star (bia  s corrected) 65.45

Adjusted  Level of Signnificance (β) 0.041

Apprroximate Chi  Square Valuue (65.45, α) 47.83 AAdjusted Chi  Square Valuue (65.45, β) 46.96



A B C D E F G H I J K L

1432

1433

1434

1435

1436

1437

1438

1439

1440

1441

1442

1443

1444

1445

1446

1447

1448

1449

1450

1451

1452

1453

1454

1455

1456

1457

1458

1459

1460

1461

1462

1463

1464

1465

1466

1467

1468

1469

1470

1471

1472

1473

1474

1475

1476

1477

1478

1479

1480

1481

1482

1483

1484

995% Gamma  Approximate e UCL (use w when n>=50) 9.567 95% Gamma Adjusteed UCL (use  when n<50) 9.744

Mean (KM) 7.008 SD (KM) 7.24

Vaariance (KM) 52.41 SE of  f Mean (KM) 1.345

k hat (KM) 0.937 k star (KM) 0.865

nu hat (KM) 56.21 nnu star (KM) 51.93

theeta hat (KM) 7.48 theeta star (KM) 8.097

80% % gamma perccentile (KM) 11.4 90% % gamma perccentile (KM) 16.72

95% % gamma perccentile (KM) 22.1 99% % gamma perccentile (KM) 34.73

Apprroximate Chi  Square Valuue (51.93, α) 36.37 AAdjusted Chi  Square Valuue (51.93, β) 35.62

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 10 95% Gamma a Adjusted K M-UCL (use  when n<50) 10.21

Shhapiro Wilk T Test Statistic 0.935

5% Sh hapiro Wilk C Critical Value 0.926 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.14

5%% Lilliefors C Critical Value 0.161 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 7.013 Mean i   n Log Scale 1.479

SD in Or riginal Scale 7.358 SD i   n Log Scale 0.974

95% t U  UCL (assumes s normality o   of ROS data) 9.296 95% P Percentile Boootstrap UCL 9.387

995% BCA Bootstrap UCL 9.737 95% Boottstrap t UCL 9.969

95% H-UCL L (Log ROS) 10.97

KM Me ean (logged) 1.474 KM M Geo Mean 4.367

KM S SD (logged) 0.963 95% C Critical H Valuue (KM-Log) 2.432

KM Standar  d Error of Me ean (logged) 0.179 95% H-UCL (KM -Log) 10.73

KM S SD (logged) 0.963 95% C Critical H Valuue (KM-Log) 2.432

KM Standar  d Error of Me ean (logged) 0.179

Mean in Or riginal Scale 7.008 Mean i   n Log Scale 1.477

SD in Or riginal Scale 7.362 SD i   n Log Scale 0.976

95% t U  UCL (Assumees normality) 9.292 95%  H-Stat UCL 10.98

KM H-UCL 10.73

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.



A B C D E F G H I J K L

1485

1486

1487

1488

1489

1490

1491

1492

1493

1494

1495

1496

1497

1498

1499

1500

1501

1502

1503

1504

1505

1506

1507

1508

1509

1510

1511

1512

1513

1514

1515

1516

1517

1518

1519

1520

1521

1522

1523

1524

1525

1526

1527

1528

1529

1530

1531

1532

1533

1534

1535

1536

1537

Total  Number of O Observations 30 Number r of Distinct O Observations 11

Number  of Missing O Observations 0

Minimum 8.9 Mean 16.46

Maximum 24 Median 15

SD 3.801 Std. Er rror of Mean 0.694

Coefficient  of Variation 0.231 Skewness 0.631

Shhapiro Wilk T Test Statistic 0.91

5% Sh hapiro Wilk C Critical Value 0.927 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.183

5%% Lilliefors C Critical Value 0.159 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 17.64 995% Adjustedd-CLT UCL ( Chen-1995) 17.69

95% Modifieed-t UCL (Johhnson-1978) 17.66

A-D T Test Statistic 0.874

5% A-D C Critical Value 0.744 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.165

5% K-S C Critical Value 0.16 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 20.07 k s star (bias corrrected MLE) 18.09

Thetta hat (MLE) 0.82 Theta s star (bias corrrected MLE) 0.91

nnu hat (MLE) 1204 nu star (bia  s corrected) 1085

MLLE Mean (bia  s corrected) 16.46 MLE Sd (bia  s corrected) 3.871

AApproximate  Chi Square V Value (0.05) 1010

Adjusted Level of S Significance 0.041 Adjusted Chi Sq quare Value 1006

955% Approximmate Gamma  UCL (use wh hen n>=50)) 17.69 95% Adjjusted Gammma UCL (use  when n<50) 17.77

Shhapiro Wilk T Test Statistic 0.934

5% Sh hapiro Wilk C Critical Value 0.927 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.151

5%% Lilliefors C Critical Value 0.159 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 2.186 Mean of l  logged Data 2.776

MMaximum of L Logged Data 3.178 SD of l  logged Data 0.228



A B C D E F G H I J K L

1538

1539

1540

1541

1542

1543

1544

1545

1546

1547

1548

1549

1550

1551

1552

1553

1554

1555

1556

1557

1558

1559

1560

1561

1562

1563

1564

1565

1566

1567

1568

1569

1570

1571

1572

1573

1574

1575

1576

1577

1578

1579

1580

1581

1582

1583

1584

1585

1586

1587

1588

1589

1590

95% H-UCL 17.76 90% C Chebyshev (M MVUE) UCL 18.54

95% C Chebyshev (M MVUE) UCL 19.47 97.5% C Chebyshev (M MVUE) UCL 20.78

99% C Chebyshev (M MVUE) UCL 23.34

95% CLT UCL 17.6 95% Jac ckknife UCL 17.64

95%  Standard Bootstrap UCL 17.6 95% Boottstrap-t UCL 17.82

955% Hall's Boootstrap UCL 17.68 95% P Percentile Boootstrap UCL 17.5

995% BCA Bootstrap UCL 17.66

90% Cheebyshev(Meaan, Sd) UCL 18.55 95% Cheebyshev(Meaan, Sd) UCL 19.49

97.5% Cheebyshev(Meaan, Sd) UCL 20.8 99% Cheebyshev(Meaan, Sd) UCL 23.37

95% Studdent's-t UCL 17.64 or 95% Modified-t UCL 17.66

or 9 95% H-UCL 17.76

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 30 Number r of Distinct O Observations 24

Number  of Missing O Observations 0

Minimum 1.4 Mean 4.883

Maximum 7.1 Median 5.15

SD 1.354 Std. Er rror of Mean 0.247

Coefficient  of Variation 0.277 Skewness -0.577

Shhapiro Wilk T Test Statistic 0.967

5% Sh hapiro Wilk C Critical Value 0.927 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.109

5%% Lilliefors C Critical Value 0.159 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 5.303 995% Adjustedd-CLT UCL ( Chen-1995) 5.262

95% Modifieed-t UCL (Johhnson-1978) 5.299



A B C D E F G H I J K L

1591

1592

1593

1594

1595

1596

1597

1598

1599

1600

1601

1602

1603

1604

1605

1606

1607

1608

1609

1610

1611

1612

1613

1614

1615

1616

1617

1618

1619

1620

1621

1622

1623

1624

1625

1626

1627

1628

1629

1630

1631

1632

1633

1634

1635

1636

1637

1638

1639

1640

1641

1642

1643

A-D T Test Statistic 0.714

5% A-D C Critical Value 0.745 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.13

5% K-S C Critical Value 0.16 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 10.46 k s star (bias corrrected MLE) 9.437

Thetta hat (MLE) 0.467 Theta s star (bias corrrected MLE) 0.517

nnu hat (MLE) 627.7 nu star (bia  s corrected) 566.2

MLLE Mean (bia  s corrected) 4.883 MLE Sd (bia  s corrected) 1.59

AApproximate  Chi Square V Value (0.05) 512.1

Adjusted Level of S Significance 0.041 Adjusted Chi Sq quare Value 509.1

955% Approximmate Gamma  UCL (use wh hen n>=50)) 5.4 95% Adjjusted Gammma UCL (use  when n<50) 5.432

Shhapiro Wilk T Test Statistic 0.863

5% Sh hapiro Wilk C Critical Value 0.927 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.138

5%% Lilliefors C Critical Value 0.159 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 0.336 Mean of l  logged Data 1.537

MMaximum of L Logged Data 1.96 SD of l  logged Data 0.345

95% H-UCL 5.553 90% C Chebyshev (M MVUE) UCL 5.878

95% C Chebyshev (M MVUE) UCL 6.308 97.5% C Chebyshev (M MVUE) UCL 6.906

99% C Chebyshev (M MVUE) UCL 8.08

95% CLT UCL 5.29 95% Jac ckknife UCL 5.303

95%  Standard Bootstrap UCL 5.298 95% Boottstrap-t UCL 5.262

955% Hall's Boootstrap UCL 5.27 95% P Percentile Boootstrap UCL 5.267

995% BCA Bootstrap UCL 5.247

90% Cheebyshev(Meaan, Sd) UCL 5.625 95% Cheebyshev(Meaan, Sd) UCL 5.961

97.5% Cheebyshev(Meaan, Sd) UCL 6.427 99% Cheebyshev(Meaan, Sd) UCL 7.343

95% Studdent's-t UCL 5.303

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.
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1644

1645

1646

1647

1648

1649

1650

1651

1652

1653

1654

1655

1656

1657

1658

1659

1660

1661

1662

1663

1664

1665

1666

1667

1668

1669

1670

1671

1672

1673

1674

1675

1676

1677

1678

1679

1680

1681

1682

1683

1684

1685

1686

1687

1688

1689

1690

1691

1692

1693

1694

1695

1696

Total  Number of O Observations 30 Number r of Distinct O Observations 15

Number  of Missing O Observations 0

Minimum 1300 Mean 13730

Maximum 26000 Median 14000

SD 4414 Std. Er rror of Mean 805.9

Coefficient  of Variation 0.321 Skewness 0.215

Shhapiro Wilk T Test Statistic 0.935

5% Sh hapiro Wilk C Critical Value 0.927 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.153

5%% Lilliefors C Critical Value 0.159 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 15099 995% Adjustedd-CLT UCL ( Chen-1995) 15089

95% Modifieed-t UCL (Johhnson-1978) 15105

A-D T Test Statistic 1.544

5% A-D C Critical Value 0.746 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.186

5% K-S C Critical Value 0.16 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 6.493 k s star (bias corrrected MLE) 5.866

Thetta hat (MLE) 2115 Theta s star (bias corrrected MLE) 2341

nnu hat (MLE) 389.6 nu star (bia  s corrected) 352

MLLE Mean (bia  s corrected) 13730 MLE Sd (bia  s corrected) 5669

AApproximate  Chi Square V Value (0.05) 309.5

Adjusted Level of S Significance 0.041 Adjusted Chi Sq quare Value 307.2

955% Approximmate Gamma  UCL (use wh hen n>=50)) 15614 95% Adjjusted Gammma UCL (use  when n<50) 15731

Shhapiro Wilk T Test Statistic 0.666

5% Sh hapiro Wilk C Critical Value 0.927 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.239

5%% Lilliefors C Critical Value 0.159 Data Not L Lognormal at   5% Significaance Level

MMinimum of L Logged Data 7.17 Mean of l  logged Data 9.448
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1697

1698

1699

1700

1701

1702

1703

1704

1705

1706

1707

1708

1709

1710

1711

1712

1713

1714

1715

1716

1717

1718

1719

1720

1721

1722

1723

1724

1725

1726

1727

1728

1729

1730

1731

1732

1733

1734

1735

1736

1737

1738

1739

1740

1741

1742

1743

1744

1745

1746

1747

1748

1749

MMaximum of L Logged Data 10.17 SD of l  logged Data 0.495

95% H-UCL 17150 90% C Chebyshev (M MVUE) UCL 18312

95% C Chebyshev (M MVUE) UCL 20140 97.5% C Chebyshev (M MVUE) UCL 22678

99% C Chebyshev (M MVUE) UCL 27662

95% CLT UCL 15056 95% Jac ckknife UCL 15099

95%  Standard Bootstrap UCL 15035 95% Boottstrap-t UCL 15160

955% Hall's Boootstrap UCL 15207 95% P Percentile Boootstrap UCL 15000

995% BCA Bootstrap UCL 15047

90% Cheebyshev(Meaan, Sd) UCL 16148 95% Cheebyshev(Meaan, Sd) UCL 17243

97.5% Cheebyshev(Meaan, Sd) UCL 18763 99% Cheebyshev(Meaan, Sd) UCL 21748

95% Studdent's-t UCL 15099

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 30 Number r of Distinct O Observations 28

Number  of Missing O Observations 0

Minimum 2.2 Mean 106.2

Maximum 510 Median 33

SD 142.9 Std. Er rror of Mean 26.09

Coefficient  of Variation 1.346 Skewness 1.646

Shhapiro Wilk T Test Statistic 0.747

5% Sh hapiro Wilk C Critical Value 0.927 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.233

5%% Lilliefors C Critical Value 0.159 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 150.5 995% Adjustedd-CLT UCL ( Chen-1995) 157.5

95% Modifieed-t UCL (Johhnson-1978) 151.8

A-D T Test Statistic 0.96

5% A-D C Critical Value 0.806 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.183
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1750

1751

1752

1753

1754

1755

1756

1757

1758

1759

1760

1761

1762

1763

1764

1765

1766

1767

1768

1769

1770

1771

1772

1773

1774

1775

1776

1777

1778

1779

1780

1781

1782

1783

1784

1785

1786

1787

1788

1789

1790

1791

1792

1793

1794

1795

1796

1797

1798

1799

1800

1801

1802

5% K-S C Critical Value 0.169 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 0.537 k s star (bias corrrected MLE) 0.506

Thetta hat (MLE) 197.6 Theta s star (bias corrrected MLE) 209.9

nnu hat (MLE) 32.24 nu star (bia  s corrected) 30.35

MLLE Mean (bia  s corrected) 106.2 MLE Sd (bia  s corrected) 149.3

AApproximate  Chi Square V Value (0.05) 18.77

Adjusted Level of S Significance 0.041 Adjusted Chi Sq quare Value 18.24

955% Approximmate Gamma  UCL (use wh hen n>=50)) 171.7 95% Adjjusted Gammma UCL (use  when n<50) 176.6

Shhapiro Wilk T Test Statistic 0.907

5% Sh hapiro Wilk C Critical Value 0.927 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.181

5%% Lilliefors C Critical Value 0.159 Data Not L Lognormal at   5% Significaance Level

MMinimum of L Logged Data 0.788 Mean of l  logged Data 3.496

MMaximum of L Logged Data 6.234 SD of l  logged Data 1.751

95% H-UCL 484 90% C Chebyshev (M MVUE) UCL 307.3

95% C Chebyshev (M MVUE) UCL 384.7 97.5% C Chebyshev (M MVUE) UCL 492.2

99% C Chebyshev (M MVUE) UCL 703.4

95% CLT UCL 149.1 95% Jac ckknife UCL 150.5

95%  Standard Bootstrap UCL 148.6 95% Boottstrap-t UCL 161.9

955% Hall's Boootstrap UCL 162.8 95% P Percentile Boootstrap UCL 150.3

995% BCA Bootstrap UCL 160.3

90% Cheebyshev(Meaan, Sd) UCL 184.5 95% Cheebyshev(Meaan, Sd) UCL 219.9

97.5% Cheebyshev(Meaan, Sd) UCL 269.1 99% Cheebyshev(Meaan, Sd) UCL 365.8

95% Cheebyshev (Meaan, Sd) UCL 219.9

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.



A B C D E F G H I J K L

1803

1804

1805

1806

1807

1808

1809

1810

1811

1812

1813

1814

1815

1816

1817

1818

1819

1820

1821

1822

1823

1824

1825

1826

1827

1828

1829

1830

1831

1832

1833

1834

1835

1836

1837

1838

1839

1840

1841

1842

1843

1844

1845

1846

1847

1848

1849

1850

1851

1852

1853

1854

1855

Total  Number of O Observations 30 Number r of Distinct O Observations 23

Number  of Missing O Observations 0

Minimum 17 Mean 231.5

Maximum 400 Median 235

SD 98.23 Std. Er rror of Mean 17.93

Coefficient  of Variation 0.424 Skewness -0.292

Shhapiro Wilk T Test Statistic 0.969

5% Sh hapiro Wilk C Critical Value 0.927 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.127

5%% Lilliefors C Critical Value 0.159 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 262 995% Adjustedd-CLT UCL ( Chen-1995) 260

95% Modifieed-t UCL (Johhnson-1978) 261.8

A-D T Test Statistic 1.204

5% A-D C Critical Value 0.751 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.2

5% K-S C Critical Value 0.161 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 3.506 k s star (bias corrrected MLE) 3.178

Thetta hat (MLE) 66.04 Theta s star (bias corrrected MLE) 72.87

nnu hat (MLE) 210.4 nu star (bia  s corrected) 190.7

MLLE Mean (bia  s corrected) 231.5 MLE Sd (bia  s corrected) 129.9

AApproximate  Chi Square V Value (0.05) 159.7

Adjusted Level of S Significance 0.041 Adjusted Chi Sq quare Value 158.1

955% Approximmate Gamma  UCL (use wh hen n>=50)) 276.4 95% Adjjusted Gammma UCL (use  when n<50) 279.2

Shhapiro Wilk T Test Statistic 0.783

5% Sh hapiro Wilk C Critical Value 0.927 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.217

5%% Lilliefors C Critical Value 0.159 Data Not L Lognormal at   5% Significaance Level

MMinimum of L Logged Data 2.833 Mean of l  logged Data 5.295

MMaximum of L Logged Data 5.991 SD of l  logged Data 0.674

95% H-UCL 325.7 90% C Chebyshev (M MVUE) UCL 346.3

95% C Chebyshev (M MVUE) UCL 390.9 97.5% C Chebyshev (M MVUE) UCL 452.8

99% C Chebyshev (M MVUE) UCL 574.3
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1856

1857

1858

1859

1860

1861

1862

1863

1864

1865

1866

1867

1868

1869

1870

1871

1872

1873

1874

1875

1876

1877

1878

1879

1880

1881

1882

1883

1884

1885

1886

1887

1888

1889

1890

1891

1892

1893

1894

1895

1896

1897

1898

1899

1900

1901

1902

1903

1904

1905

1906

1907

1908

95% CLT UCL 261 95% Jac ckknife UCL 262

95%  Standard Bootstrap UCL 260.7 95% Boottstrap-t UCL 260.8

955% Hall's Boootstrap UCL 261 95% P Percentile Boootstrap UCL 260.4

995% BCA Bootstrap UCL 261

90% Cheebyshev(Meaan, Sd) UCL 285.3 95% Cheebyshev(Meaan, Sd) UCL 309.7

97.5% Cheebyshev(Meaan, Sd) UCL 343.5 99% Cheebyshev(Meaan, Sd) UCL 410

95% Studdent's-t UCL 262

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 30 Number r of Distinct O Observations 29

Numbe  er of Detects 21 Number of N Non-Detects 9

Nuumber of Disttinct Detects 21 Numbe  r of Distinct N Non-Detects 8

Minimmum Detect 0.0088 Minimum  Non-Detect 0.081

Maximmum Detect 110 Maximum  Non-Detect 0.094

Variance Detects 570 Percent N Non-Detects 30%

Meean Detects 5.879 SD Detects 23.87

Meddian Detects 0.24 CV Detects 4.061

Skewnness Detects 4.572 Kurtoosis Detects 20.93

Mean of Loggged Detects -1.274 SD of Loggged Detects 2.266

Shhapiro Wilk T Test Statistic 0.253

5% Sh hapiro Wilk C Critical Value 0.908 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.495

5%% Lilliefors C Critical Value 0.188 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 4.126 KM M Standard Er rror of Mean 3.681

KM SD 19.68 95% KM  (BCA) UCL 11.43

95%  KM (t) UCL 10.38 95% KM (Pe ercentile Boootstrap) UCL 11.38

95%  KM (z) UCL 10.18 995% KM Boottstrap t UCL 136.3

990% KM Chebbyshev UCL 15.17 995% KM Chebbyshev UCL 20.17

97.5% KM Chebbyshev UCL 27.11 999% KM Chebbyshev UCL 40.75

A-D T Test Statistic 2.593
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1909

1910

1911

1912

1913

1914

1915

1916

1917

1918

1919

1920

1921

1922

1923

1924

1925

1926

1927

1928

1929

1930

1931

1932

1933

1934

1935

1936

1937

1938

1939

1940

1941

1942

1943

1944

1945

1946

1947

1948

1949

1950

1951

1952

1953

1954

1955

1956

1957

1958

1959

1960

1961

5% A-D C Critical Value 0.878 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.286

5% K-S C Critical Value 0.208 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

k hat (MLE) 0.235 k s star (bias corrrected MLE) 0.234

Thetta hat (MLE) 24.97 Theta s star (bias corrrected MLE) 25.17

nnu hat (MLE) 9.891 nu star (bia  s corrected) 9.811

Mean (detects) 5.879

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.0088 Mean 4.119

Maximum 110 Median 0.0625

SD 20.01 CV 4.86

k hat (MLE) 0.2 k s star (bias corrrected MLE) 0.202

Thetta hat (MLE) 20.64 Theta s star (bias corrrected MLE) 20.41

nnu hat (MLE) 11.97 nu star (bia  s corrected) 12.11

Adjusted  Level of Signnificance (β) 0.041

Apprroximate Chi  Square Valuue (12.11, α) 5.3 AAdjusted Chi  Square Valuue (12.11, β) 5.041

995% Gamma  Approximate e UCL (use w when n>=50) 9.411 95% Gamma Adjusteed UCL (use  when n<50) 9.894

Mean (KM) 4.126 SD (KM) 19.68

Vaariance (KM) 387.2 SE of  f Mean (KM) 3.681

k hat (KM) 0.044 k star (KM) 0.0618

nu hat (KM) 2.638 nnu star (KM) 3.707

theeta hat (KM) 93.84 theeta star (KM) 66.77

80% % gamma perccentile (KM) 1.08 90% % gamma perccentile (KM) 7.987

95% % gamma perccentile (KM) 23.26 99% % gamma perccentile (KM) 82.18

Appproximate Ch   hi Square Value (3.71, α) 0.61 Adjusted Ch   hi Square Value (3.71, β) 0.545

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 25.09 95% Gamma a Adjusted K M-UCL (use  when n<50) 28.06

95% Ga amma Adjusteed KM-UCL ( (use when k< <=1 and 15 <   n < 50)

Shhapiro Wilk T Test Statistic 0.955

5% Sh hapiro Wilk C Critical Value 0.908 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.0905

5%% Lilliefors C Critical Value 0.188 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 4.124 Mean i   n Log Scale -1.977

SD in Or riginal Scale 20.01 SD i   n Log Scale 2.184

95% t U  UCL (assumes s normality o   of ROS data) 10.33 95% P Percentile Boootstrap UCL 11.45

995% BCA Bootstrap UCL 18.76 95% Boottstrap t UCL 146.2
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1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

95% H-UCL L (Log ROS) 8.346

KM Me ean (logged) -1.999 KM M Geo Mean 0.136

KM S SD (logged) 2.202 95% C Critical H Valuue (KM-Log) 4.258

KM Standar  d Error of Me ean (logged) 0.431 95% H-UCL (KM -Log) 8.723

KM S SD (logged) 2.202 95% C Critical H Valuue (KM-Log) 4.258

KM Standar  d Error of Me ean (logged) 0.431

Mean in Or riginal Scale 4.128 Mean i   n Log Scale -1.835

SD in Or riginal Scale 20.01 SD i   n Log Scale 2.074

95% t U  UCL (Assumees normality) 10.34 95%  H-Stat UCL 6.535

97.5% KM (Chebbyshev) UCL 27.11

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 30 Number r of Distinct O Observations 19

Numbe  er of Detects 14 Number of N Non-Detects 16

Nuumber of Disttinct Detects 14 Numbe  r of Distinct N Non-Detects 5

Minimmum Detect 0.5 Minimum  Non-Detect 0.99

Maximmum Detect 1100 Maximum  Non-Detect 5.7

Variance Detects 85606 Percent N Non-Detects 53.33%

Meean Detects 84.49 SD Detects 292.6

Meddian Detects 1.35 CV Detects 3.463

Skewnness Detects 3.729 Kurtoosis Detects 13.93

Mean of Loggged Detects 1.032 SD of Loggged Detects 2.211

Shhapiro Wilk T Test Statistic 0.322

5% Sh hapiro Wilk C Critical Value 0.874 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.475

5%% Lilliefors C Critical Value 0.226 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 39.76 KM M Standard Er rror of Mean 37.34

KM SD 197.1 95% KM  (BCA) UCL 113.9

95%  KM (t) UCL 103.2 95% KM (Pe ercentile Boootstrap) UCL 112.8

95%  KM (z) UCL 101.2 995% KM Boottstrap t UCL 2737
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2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

2036

2037

2038

2039

2040

2041

2042

2043

2044

2045

2046

2047

2048

2049

2050

2051

2052

2053

2054

2055

2056

2057

2058

2059

2060

2061

2062

2063

2064

2065

2066

2067

990% KM Chebbyshev UCL 151.8 995% KM Chebbyshev UCL 202.5

97.5% KM Chebbyshev UCL 273 999% KM Chebbyshev UCL 411.3

A-D T Test Statistic 2.671

5% A-D C Critical Value 0.873 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.351

5% K-S C Critical Value 0.252 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

k hat (MLE) 0.214 k s star (bias corrrected MLE) 0.216

Thetta hat (MLE) 395 Theta s star (bias corrrected MLE) 391.7

nnu hat (MLE) 5.989 nu star (bia  s corrected) 6.039

Mean (detects) 84.49

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 39.43

Maximum 1100 Median 0.01

SD 200.5 CV 5.086

k hat (MLE) 0.138 k s star (bias corrrected MLE) 0.146

Thetta hat (MLE) 286.3 Theta s star (bias corrrected MLE) 269.7

nnu hat (MLE) 8.264 nu star (bia  s corrected) 8.771

Adjusted  Level of Signnificance (β) 0.041

Appproximate Ch   hi Square Value (8.77, α) 3.189 Adjusted Ch   hi Square Value (8.77, β) 2.997

995% Gamma  Approximate e UCL (use w when n>=50) 108.4 95% Gamma Adjusteed UCL (use  when n<50) 115.4

Mean (KM) 39.76 SD (KM) 197.1

Vaariance (KM) 38847 SE of  f Mean (KM) 37.34

k hat (KM) 0.0407 k star (KM) 0.0588

nu hat (KM) 2.441 nnu star (KM) 3.531

theeta hat (KM) 977.1 theeta star (KM) 675.7

80% % gamma perccentile (KM) 9.08 90% % gamma perccentile (KM) 73.33

95% % gamma perccentile (KM) 221.9 99% % gamma perccentile (KM) 808.8

Appproximate Ch   hi Square Value (3.53, α) 0.546 Adjusted Ch   hi Square Value (3.53, β) 0.486

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 257.3 95% Gamma a Adjusted K M-UCL (use  when n<50) 288.7

95% Ga amma Adjusteed KM-UCL ( (use when k< <=1 and 15 <   n < 50)

Shhapiro Wilk T Test Statistic 0.778

5% Sh hapiro Wilk C Critical Value 0.874 Deetected Data  Not Lognormmal at 5% Significance Levvel

Lilliefors T Test Statistic 0.25

5%% Lilliefors C Critical Value 0.226 Deetected Data  Not Lognormmal at 5% Significance Levvel
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2068

2069

2070

2071

2072

2073

2074

2075

2076

2077

2078

2079

2080

2081

2082

2083

2084

2085

2086

2087

2088

2089

2090

2091

2092

2093

2094

2095

2096

2097

2098

2099

2100

2101

2102

2103

2104

2105

2106

2107

2108

2109

2110

2111

2112

2113

2114

2115

2116

2117

2118

2119

2120

Mean in Or riginal Scale 39.83 Mean i   n Log Scale 0.141

SD in Or riginal Scale 200.5 SD i   n Log Scale 1.84

95% t U  UCL (assumes s normality o   of ROS data) 102 95% P Percentile Boootstrap UCL 112.5

995% BCA Bootstrap UCL 184.7 95% Boottstrap t UCL 2650

95% H-UCL L (Log ROS) 22.02

KM Me ean (logged) 0.213 KM M Geo Mean 1.238

KM S SD (logged) 1.652 95% C Critical H Valuue (KM-Log) 3.393

KM Standar  d Error of Me ean (logged) 0.316 95% H-UCL (KM -Log) 13.73

KM S SD (logged) 1.652 95% C Critical H Valuue (KM-Log) 3.393

KM Standar  d Error of Me ean (logged) 0.316

Mean in Or riginal Scale 39.86 Mean i   n Log Scale 0.249

SD in Or riginal Scale 200.4 SD i   n Log Scale 1.709

95% t U  UCL (Assumees normality) 102 95%  H-Stat UCL 16.66

97.5% KM (Chebbyshev) UCL 273

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 30 Number r of Distinct O Observations 15

Number  of Missing O Observations 0

Minimum 5.2 Mean 24.61

Maximum 47 Median 23

SD 7.473 Std. Er rror of Mean 1.364

Coefficient  of Variation 0.304 Skewness 0.384

Shhapiro Wilk T Test Statistic 0.947

5% Sh hapiro Wilk C Critical Value 0.927 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.118

5%% Lilliefors C Critical Value 0.159 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 26.92 995% Adjustedd-CLT UCL ( Chen-1995) 26.95
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2121

2122

2123

2124

2125

2126

2127

2128

2129

2130

2131

2132

2133

2134

2135

2136

2137

2138

2139

2140

2141

2142

2143

2144

2145

2146

2147

2148

2149

2150

2151

2152

2153

2154

2155

2156

2157

2158

2159

2160

2161

2162

2163

2164

2165

2166

2167

2168

2169

2170

2171

2172

2173

95% Modifieed-t UCL (Johhnson-1978) 26.94

A-D T Test Statistic 0.833

5% A-D C Critical Value 0.746 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.161

5% K-S C Critical Value 0.16 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 9.203 k s star (bias corrrected MLE) 8.305

Thetta hat (MLE) 2.674 Theta s star (bias corrrected MLE) 2.963

nnu hat (MLE) 552.2 nu star (bia  s corrected) 498.3

MLLE Mean (bia  s corrected) 24.61 MLE Sd (bia  s corrected) 8.538

AApproximate  Chi Square V Value (0.05) 447.5

Adjusted Level of S Significance 0.041 Adjusted Chi Sq quare Value 444.8

955% Approximmate Gamma  UCL (use wh hen n>=50)) 27.4 95% Adjjusted Gammma UCL (use  when n<50) 27.57

Shhapiro Wilk T Test Statistic 0.825

5% Sh hapiro Wilk C Critical Value 0.927 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.191

5%% Lilliefors C Critical Value 0.159 Data Not L Lognormal at   5% Significaance Level

MMinimum of L Logged Data 1.649 Mean of l  logged Data 3.148

MMaximum of L Logged Data 3.85 SD of l  logged Data 0.373

95% H-UCL 28.39 90% C Chebyshev (M MVUE) UCL 30.12

95% C Chebyshev (M MVUE) UCL 32.49 97.5% C Chebyshev (M MVUE) UCL 35.77

99% C Chebyshev (M MVUE) UCL 42.22

95% CLT UCL 26.85 95% Jac ckknife UCL 26.92

95%  Standard Bootstrap UCL 26.85 95% Boottstrap-t UCL 27.11

955% Hall's Boootstrap UCL 27.46 95% P Percentile Boootstrap UCL 26.83

995% BCA Bootstrap UCL 26.83

90% Cheebyshev(Meaan, Sd) UCL 28.7 95% Cheebyshev(Meaan, Sd) UCL 30.55

97.5% Cheebyshev(Meaan, Sd) UCL 33.13 99% Cheebyshev(Meaan, Sd) UCL 38.18

95% Studdent's-t UCL 26.92

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).
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2174

2175

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.
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1
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53

User Seleccted Options

Datee/Time of Computation ProUCL 5.13/4/2017 10::22:19 PM

From File RAD 0-10.xlls

Full  Precision OFF

CConfidence C Coefficient 95%

Number of  f Bootstrap O Operations 2000

Total N Number of O bservations 65 Number  of Distinct O bservations 64

Number o of Missing O bservations 0

Minimum 0.206 Mean 2.464

Maximum 57.11 Median 0.774

SD 7.136 Std. Er rror of Mean 0.885

Coefficient  of Variation 2.896 Skewness 7.253

Shhapiro Wilk T Test Statistic 0.285

55% Shapiro W Wilk P Value 0 Data Not t Normal at 5 % Significannce Level

Lilliefors T Test Statistic 0.376

5% % Lilliefors C ritical Value 0.11 Data Not t Normal at 5 % Significannce Level

95% Studdent's-t UCL 3.941 95% Adjustedd-CLT UCL (C Chen-1995) 4.77

995% Modifiedd-t UCL (Johhnson-1978) 4.074

A-D T Test Statistic 6.096

5% A-D C ritical Value 0.794 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.265

5% K-S C ritical Value 0.115 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 0.73 k st tar (bias corrrected MLE) 0.706

Thet  a hat (MLE) 3.377 Theta st tar (bias corrrected MLE) 3.489

n  u hat (MLE) 94.84 nu star (bias s corrected) 91.79

MLE Mean (bias s corrected) 2.464 MMLE Sd (bias s corrected) 2.932

AApproximate C Chi Square V Value (0.05) 70.7

Adjustted Level of S Significance 0.0463 Adjusted Chi Sq quare Value 70.28

95%% Approximaate Gamma  UCL (use wh hen n>=50)) 3.199 95% Adjuusted Gamma UCL (use w when n<50) 3.218

Shhapiro Wilk T Test Statistic 0.893

55% Shapiro W Wilk P Value 5.1486E-6 Data Not L Lognormal at   5% Significaance Level
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Lilliefors T Test Statistic 0.181

5% % Lilliefors C ritical Value 0.11 Data Not L Lognormal at   5% Significaance Level

MMinimum of L ogged Data -1.58 Mean of l ogged Data 0.078

Maximum of L ogged Data 4.045 SD of l ogged Data 1.017

995% H-UCL 2.415 90% C Chebyshev (M MVUE) UCL 2.599

95% C Chebyshev (M MVUE) UCL 2.965 97.5% C Chebyshev (M MVUE) UCL 3.473

99% C Chebyshev (M MVUE) UCL 4.471

95%% CLT UCL 3.92 95% Jacckknife UCL 3.941

95% S Standard Boootstrap UCL 3.878 95% Boottstrap-t UCL 7.372

955% Hall's Boootstrap UCL 8.983 95% Pe ercentile Boootstrap UCL 4.065

95% BCA Boootstrap UCL 5.13

90% Cheebyshev(Meaan, Sd) UCL 5.119 95% Cheebyshev(Meaan, Sd) UCL 6.322

97.5% Cheebyshev(Meaan, Sd) UCL 7.991 99% Cheebyshev(Meaan, Sd) UCL 11.27

95% Chebyshev (Meaan, Sd) UCL 6.322

Notte: Suggestioons regarding g the selectioon of a 95%  UCL are pro ovided to help the user to  o select the m most appropriate 95% UC CL.

Reecommendations are based upon data a size, data d distribution, a and skewnesss.

Thhese recommmendations a are based up pon the resultts of the simulation studies summarizzed in Singh  , Maichle, an nd Lee (20066).

Howeever, simulatiions results w will not cove  r all Real Wo orld data sets; for additioonal insight th he user may  want to consult a statistician.

Total N Number of O bservations 65 Number  of Distinct O bservations 64

Numbe  er of Detects 62 Number of N Non-Detects 3

Number of Distinct Detects 61 Number r of Distinct N Non-Detects 3

Minimmum Detect 0.292 Minimum  Non-Detect 0.219

Maximmum Detect 505.2 Maximum  Non-Detect 0.268

Variannce Detects 4845 Percent N Non-Detects 4.615%

Meean Detects 17.21 SD Detects 69.61

Meddian Detects 1.1 CV Detects 4.044

Skewneess Detects 6.261 Kurtoosis Detects 41.89

MMean of Loggged Detects 0.739 SD of Loggged Detects 1.636

Shhapiro Wilk T Test Statistic 0.267

55% Shapiro W Wilk P Value 0 DDetected Data a Not Norma  l at 5% Signiificance Leveel

Lilliefors T Test Statistic 0.404

5% % Lilliefors C ritical Value 0.112 DDetected Data a Not Norma  l at 5% Signiificance Leveel
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134

135
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147

148
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151

152

153

154

155

156

157

158

159

KM Mean 16.43 KM  Standard Er rror of Mean 8.444

KM SD 67.52 95% KM  (BCA) UCL 31.59

95%  KM (t) UCL 30.52 95% KM (Peercentile Boootstrap) UCL 31.65

95%  KM (z) UCL 30.32 95% KM Boottstrap t UCL 92.95

900% KM Chebbyshev UCL 41.76 955% KM Chebbyshev UCL 53.23

97.55% KM Chebbyshev UCL 69.16 999% KM Chebbyshev UCL 100.4

A-D T Test Statistic 8.973

5% A-D C ritical Value 0.858 Detecteed Data Not G Gamma Distrributed at 5%  % Significanc  ce Level

K-S T Test Statistic 0.3

5% K-S C ritical Value 0.122 Detecteed Data Not G Gamma Distrributed at 5%  % Significanc  ce Level

k hat (MLE) 0.323 k st tar (bias corrrected MLE) 0.318

Thet  a hat (MLE) 53.23 Theta st tar (bias corrrected MLE) 54.04

n  u hat (MLE) 40.1 nu star (bias s corrected) 39.49

Meaan (detects) 17.21

GGROS may n not be used w when data se   et has > 50% % NDs with m many tied obsservations at   multiple DLss

GGROS may no ot be used w when kstar of  f detects is s small such as  s <1.0, especcially when t the sample s size is small ( (e.g., <15-200)

For  such situatioons, GROS m method may y yield incorrect values of U  UCLs and BT TVs

Thhis is especiaally true whe  n the sample e size is small.

For gammma distributed d detected da ata, BTVs an nd UCLs may y be computted using gammma distribuution on KM  estimates

Minimum 0.01 Mean 16.42

Maximum 505.2 Median 1.093

SD 68.05 CV 4.145

k hat (MLE) 0.299 k st tar (bias corrrected MLE) 0.296

Thet  a hat (MLE) 54.88 Theta st tar (bias corrrected MLE) 55.54

n  u hat (MLE) 38.89 nu star (bias s corrected) 38.43

Adjusted L Level of Signnificance (β) 0.0463

Approoximate Chi  Square Value (38.43, α) 25.23 AAdjusted Chi  Square Valuue (38.43, β) 24.99

955% Gamma A Approximate  UCL (use w when n>=50) 25 95% Gammma Adjusteed UCL (use w when n<50) 25.25

Mean (KM) 16.43 SD (KM) 67.52

Variance (KM) 4559 SE of   Mean (KM) 8.444

k hat (KM) 0.0592 k star (KM) 0.0667

nu hat (KM) 7.694 nnu star (KM) 8.672

theeta hat (KM) 277.6 thetta star (KM) 246.2

80%  gamma perccentile (KM) 5.245 90%  gamma perccentile (KM) 34.08

95%  gamma perccentile (KM) 93.88 99%  gamma perccentile (KM) 316.3

Appproximate Ch  i Square Value (8.67, α) 3.13 Adjusted Ch  i Square Vallue (8.67, β) 3.055

95% G Gamma Apprroximate KM--UCL (use w when n>=50) 45.51 995% Gamma  Adjusted KM M-UCL (use w when n<50) 46.63

Shaapiro Wilk Ap pproximate T Test Statistic 0.838

55% Shapiro W Wilk P Value 5.7733E-9 Dettected Data N Not Lognormmal at 5% Siggnificance Le vel
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Lilliefors T Test Statistic 0.23

5% % Lilliefors C ritical Value 0.112 Dettected Data N Not Lognormmal at 5% Siggnificance Le vel

Mean in Or riginal Scale 16.42 Mean in  n Log Scale 0.57

SD in Or riginal Scale 68.05 SD in  n Log Scale 1.775

95% t UC CL (assumes s normality of  f ROS data) 30.51 95% Pe ercentile Boootstrap UCL 33.08

95% BCA Boootstrap UCL 40.15 95% Boottstrap t UCL 93.51

95% H-UCL L (Log ROS) 15.73

KM Meean (logged) 0.635 KM M Geo Mean 1.887

KM S SD (logged) 1.654 95% C ritical H Valuue (KM-Log) 2.61

KKM Standard d Error of Meean (logged) 0.207 95% H-UCL L (KM -Log) 12.71

KM S SD (logged) 1.654 95% C ritical H Valuue (KM-Log) 2.61

KKM Standard d Error of Meean (logged) 0.207

Mean in Or riginal Scale 16.42 Mean in  n Log Scale 0.609

SD in Or riginal Scale 68.05 SD in  n Log Scale 1.706

95% t UC CL (Assume  s normality) 30.51 95%  H-Stat UCL 13.9

95%% KM (Chebyyshev) UCL 53.23

Notte: Suggestioons regarding g the selectioon of a 95%  UCL are pro ovided to help the user to  o select the m most appropriate 95% UC CL.

Reecommendations are based upon data a size, data d distribution, a and skewnesss.

Thhese recommmendations a are based up pon the resultts of the simulation studies summarizzed in Singh  , Maichle, an nd Lee (20066).

Howeever, simulatiions results w will not cove  r all Real Wo orld data sets; for additioonal insight th he user may  want to consult a statistician.

Total N Number of O bservations 65 Number  of Distinct O bservations 65

Number o of Missing O bservations 0

Minimum 7.863 Mean 12.41

Maximum 19.98 Median 12.58

SD 2.457 Std. Er rror of Mean 0.305

Coefficient  of Variation 0.198 Skewness 0.671

Shhapiro Wilk T Test Statistic 0.954

55% Shapiro W Wilk P Value 0.0386 Data Not t Normal at 5 % Significannce Level

Lilliefors T Test Statistic 0.0961

5% % Lilliefors C ritical Value 0.11 Data appeaar Normal at   5% Significaance Level
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95% Studdent's-t UCL 12.92 95% Adjustedd-CLT UCL (C Chen-1995) 12.94

995% Modifiedd-t UCL (Johhnson-1978) 12.93

A-D T Test Statistic 0.459

5% A-D C ritical Value 0.749 Detected  data appear r Gamma Dis stributed at 5 5% Significannce Level

K-S T Test Statistic 0.0834

5% K-S C ritical Value 0.11 Detected  data appear r Gamma Dis stributed at 5 5% Significannce Level

k hat (MLE) 26.65 k st tar (bias corrrected MLE) 25.43

Thet  a hat (MLE) 0.466 Theta st tar (bias corrrected MLE) 0.488

n  u hat (MLE) 3465 nu star (bias s corrected) 3306

MLE Mean (bias s corrected) 12.41 MMLE Sd (bias s corrected) 2.462

AApproximate C Chi Square V Value (0.05) 3173

Adjustted Level of S Significance 0.0463 Adjusted Chi Sq quare Value 3171

95%% Approximaate Gamma  UCL (use wh hen n>=50)) 12.93 95% Adjuusted Gamma UCL (use w when n<50) 12.94

Shhapiro Wilk T Test Statistic 0.974

55% Shapiro W Wilk P Value 0.394 Data appear r Lognormal a at 5% Significance Level

Lilliefors T Test Statistic 0.0816

5% % Lilliefors C ritical Value 0.11 Data appear r Lognormal a at 5% Significance Level

MMinimum of L ogged Data 2.062 Mean of l ogged Data 2.5

Maximum of L ogged Data 2.995 SD of l ogged Data 0.196

995% H-UCL 12.95 90% C Chebyshev (M MVUE) UCL 13.33

95% C Chebyshev (M MVUE) UCL 13.74 97.5% C Chebyshev (M MVUE) UCL 14.31

99% C Chebyshev (M MVUE) UCL 15.44

95%% CLT UCL 12.91 95% Jacckknife UCL 12.92

95% S Standard Boootstrap UCL 12.91 95% Boottstrap-t UCL 12.94

955% Hall's Boootstrap UCL 12.96 95% Pe ercentile Boootstrap UCL 12.92

95% BCA Boootstrap UCL 12.96

90% Cheebyshev(Meaan, Sd) UCL 13.33 95% Cheebyshev(Meaan, Sd) UCL 13.74

97.5% Cheebyshev(Meaan, Sd) UCL 14.32 99% Cheebyshev(Meaan, Sd) UCL 15.45

95% Studdent's-t UCL 12.92
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When a da ta set follows s an approximate (e.g., n normal) distribution passing one of the  e GOF test

WWhen applicaable, it is sugggested to us se a UCL ba ased upon a   distribution ( (e.g., gammaa) passing bo oth GOF testts in ProUCLL

Notte: Suggestioons regarding g the selectioon of a 95%  UCL are pro ovided to help the user to  o select the m most appropriate 95% UC CL.

Reecommendations are based upon data a size, data d distribution, a and skewnesss.

Thhese recommmendations a are based up pon the resultts of the simulation studies summarizzed in Singh  , Maichle, an nd Lee (20066).

Howeever, simulatiions results w will not cove  r all Real Wo orld data sets; for additioonal insight th he user may  want to consult a statistician.
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User Seleccted Options

Datee/Time of Computation ProUCL 5.13/4/2017 10::28:16 PM

From File RAD 0-10_bb.xls

Full  Precision OFF

CConfidence C Coefficient 95%

Number of  f Bootstrap O Operations 2000

Total N Number of O bservations 8 Number  of Distinct O bservations 8

Number o of Missing O bservations 0

Minimum 0.94 Mean 11.86

Maximum 29.77 Median 9.205

SD 11.18 Std. Er rror of Mean 3.953

Coefficient  of Variation 0.943 Skewness 0.508

Shhapiro Wilk T Test Statistic 0.881

5% Sh apiro Wilk C ritical Value 0.818 Data a ppear Normaal at 5% Signnificance Levvel

Lilliefors T Test Statistic 0.217

5% % Lilliefors C ritical Value 0.283 Data a ppear Normaal at 5% Signnificance Levvel

95% Studdent's-t UCL 19.35 95% Adjustedd-CLT UCL (C Chen-1995) 19.12

995% Modifiedd-t UCL (Johhnson-1978) 19.46

A-D T Test Statistic 0.425

5% A-D C ritical Value 0.74 Deteccted data app pear Gamma a Distributed  at 5% Signifficance Level

K-S T Test Statistic 0.191

5% K-S C ritical Value 0.303 Deteccted data app pear Gamma a Distributed  at 5% Signifficance Level

k hat (MLE) 0.885 k st tar (bias corrrected MLE) 0.637

Thet  a hat (MLE) 13.39 Theta st tar (bias corrrected MLE) 18.62

n  u hat (MLE) 14.17 nu star (bias s corrected) 10.19

MLE Mean (bias s corrected) 11.86 MMLE Sd (bias s corrected) 14.86

AApproximate C Chi Square V Value (0.05) 4.06

Adjustted Level of S Significance 0.0195 Adjusted Chi Sq quare Value 3.141
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95%% Approximaate Gamma  UCL (use wh hen n>=50)) 29.75 95% Adjuusted Gamma UCL (use w when n<50) 38.46

Shhapiro Wilk T Test Statistic 0.879

5% Sh apiro Wilk C ritical Value 0.818 Data apppear Lognormmal at 5% Sig gnificance Le evel

Lilliefors T Test Statistic 0.203

5% % Lilliefors C ritical Value 0.283 Data apppear Lognormmal at 5% Sig gnificance Le evel

MMinimum of L ogged Data -0.0619 Mean of l ogged Data 1.811

Maximum of L ogged Data 3.393 SD of l ogged Data 1.412

995% H-UCL 182.7 90% C Chebyshev (M MVUE) UCL 34.29

95% C Chebyshev (M MVUE) UCL 43.64 97.5% C Chebyshev (M MVUE) UCL 56.62

99% C Chebyshev (M MVUE) UCL 82.12

95%% CLT UCL 18.36 95% Jacckknife UCL 19.35

95% S Standard Boootstrap UCL 18.01 95% Boottstrap-t UCL 21.32

955% Hall's Boootstrap UCL 17.47 95% Pe ercentile Boootstrap UCL 18.1

95% BCA Boootstrap UCL 18.92

90% Cheebyshev(Meaan, Sd) UCL 23.71 95% Cheebyshev(Meaan, Sd) UCL 29.09

97.5% Cheebyshev(Meaan, Sd) UCL 36.54 99% Cheebyshev(Meaan, Sd) UCL 51.18

95% Studdent's-t UCL 19.35

Note: Suggeestions regarding the sellection of a 9 95% UCL are  e provided to  o help the us er to select t the most apppropriate 95% % UCL.

Recommenndations are  based upon  data size, da ata distributioon, and skewwness.

These recoommendations are based d upon the re esults of the  simulation s studies summmarized in Si ngh, Maichlee, and Lee (2 2006).

However, simulations resuults will not c cover all Rea  al World data a sets; for ad ditional insigght the user m may want to   consult a sta atistician.

Total N Number of O bservations 8 Number  of Distinct O bservations 8

Number o of Missing O bservations 0

Minimum 0.582 Mean 2.361

Maximum 4.536 Median 2.254

SD 1.404 Std. Er rror of Mean 0.496

Coefficient  of Variation 0.595 Skewness 0.214
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Shhapiro Wilk T Test Statistic 0.954

5% Sh apiro Wilk C ritical Value 0.818 Data a ppear Normaal at 5% Signnificance Levvel

Lilliefors T Test Statistic 0.136

5% % Lilliefors C ritical Value 0.283 Data a ppear Normaal at 5% Signnificance Levvel

95% Studdent's-t UCL 3.301 95% Adjustedd-CLT UCL (C Chen-1995) 3.217

995% Modifiedd-t UCL (Johhnson-1978) 3.308

A-D T Test Statistic 0.322

5% A-D C ritical Value 0.723 Deteccted data app pear Gamma a Distributed  at 5% Signifficance Level

K-S T Test Statistic 0.175

5% K-S C ritical Value 0.297 Deteccted data app pear Gamma a Distributed  at 5% Signifficance Level

k hat (MLE) 2.537 k st tar (bias corrrected MLE) 1.669

Thet  a hat (MLE) 0.931 Theta st tar (bias corrrected MLE) 1.415

n  u hat (MLE) 40.59 nu star (bias s corrected) 26.7

MLE Mean (bias s corrected) 2.361 MMLE Sd (bias s corrected) 1.828

AApproximate C Chi Square V Value (0.05) 15.92

Adjustted Level of S Significance 0.0195 Adjusted Chi Sq quare Value 13.86

95%% Approximaate Gamma  UCL (use wh hen n>=50)) 3.96 95% Adjuusted Gamma UCL (use w when n<50) 4.549

Shhapiro Wilk T Test Statistic 0.893

5% Sh apiro Wilk C ritical Value 0.818 Data apppear Lognormmal at 5% Sig gnificance Le evel

Lilliefors T Test Statistic 0.203

5% % Lilliefors C ritical Value 0.283 Data apppear Lognormmal at 5% Sig gnificance Le evel

MMinimum of L ogged Data -0.541 Mean of l ogged Data 0.649

Maximum of L ogged Data 1.512 SD of l ogged Data 0.758

995% H-UCL 5.793 90% C Chebyshev (M MVUE) UCL 4.448

95% C Chebyshev (M MVUE) UCL 5.354 97.5% C Chebyshev (M MVUE) UCL 6.613

99% C Chebyshev (M MVUE) UCL 9.086

95%% CLT UCL 3.177 95% Jacckknife UCL 3.301

95% S Standard Boootstrap UCL 3.14 95% Boottstrap-t UCL 3.385

955% Hall's Boootstrap UCL 3.328 95% Pe ercentile Boootstrap UCL 3.147
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95% BCA Boootstrap UCL 3.16

90% Cheebyshev(Meaan, Sd) UCL 3.85 95% Cheebyshev(Meaan, Sd) UCL 4.525

97.5% Cheebyshev(Meaan, Sd) UCL 5.461 99% Cheebyshev(Meaan, Sd) UCL 7.3

95% Studdent's-t UCL 3.301

Note: Suggeestions regarding the sellection of a 9 95% UCL are  e provided to  o help the us er to select t the most apppropriate 95% % UCL.

Recommenndations are  based upon  data size, da ata distributioon, and skewwness.

These recoommendations are based d upon the re esults of the  simulation s studies summmarized in Si ngh, Maichlee, and Lee (2 2006).

However, simulations resuults will not c cover all Rea  al World data a sets; for ad ditional insigght the user m may want to   consult a sta atistician.

Total N Number of O bservations 8 Number  of Distinct O bservations 8

Number o of Missing O bservations 0

Minimum 0.803 Mean 11.69

Maximum 32.67 Median 8.546

SD 11.79 Std. Er rror of Mean 4.167

Coefficient  of Variation 1.008 Skewness 0.789

Shhapiro Wilk T Test Statistic 0.882

5% Sh apiro Wilk C ritical Value 0.818 Data a ppear Normaal at 5% Signnificance Levvel

Lilliefors T Test Statistic 0.226

5% % Lilliefors C ritical Value 0.283 Data a ppear Normaal at 5% Signnificance Levvel

95% Studdent's-t UCL 19.59 95% Adjustedd-CLT UCL (C Chen-1995) 19.79

995% Modifiedd-t UCL (Johhnson-1978) 19.78

A-D T Test Statistic 0.367

5% A-D C ritical Value 0.743 Deteccted data app pear Gamma a Distributed  at 5% Signifficance Level

K-S T Test Statistic 0.173

5% K-S C ritical Value 0.303 Deteccted data app pear Gamma a Distributed  at 5% Signifficance Level

k hat (MLE) 0.804 k st tar (bias corrrected MLE) 0.586

Thet  a hat (MLE) 14.54 Theta st tar (bias corrrected MLE) 19.96

n  u hat (MLE) 12.86 nu star (bias s corrected) 9.372

MLE Mean (bias s corrected) 11.69 MMLE Sd (bias s corrected) 15.28

AApproximate C Chi Square V Value (0.05) 3.553
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Adjustted Level of S Significance 0.0195 Adjusted Chi Sq quare Value 2.708

95%% Approximaate Gamma  UCL (use wh hen n>=50)) 30.84 95% Adjuusted Gamma UCL (use w when n<50) 40.46

Shhapiro Wilk T Test Statistic 0.889

5% Sh apiro Wilk C ritical Value 0.818 Data apppear Lognormmal at 5% Sig gnificance Le evel

Lilliefors T Test Statistic 0.204

5% % Lilliefors C ritical Value 0.283 Data apppear Lognormmal at 5% Sig gnificance Le evel

MMinimum of L ogged Data -0.219 Mean of l ogged Data 1.721

Maximum of L ogged Data 3.486 SD of l ogged Data 1.497

995% H-UCL 249.3 90% C Chebyshev (M MVUE) UCL 35.48

95% C Chebyshev (M MVUE) UCL 45.37 97.5% C Chebyshev (M MVUE) UCL 59.09

99% C Chebyshev (M MVUE) UCL 86.04

95%% CLT UCL 18.54 95% Jacckknife UCL 19.59

95% S Standard Boootstrap UCL 17.91 95% Boottstrap-t UCL 21.31

955% Hall's Boootstrap UCL 19.08 95% Pe ercentile Boootstrap UCL 18.3

95% BCA Boootstrap UCL 19.14

90% Cheebyshev(Meaan, Sd) UCL 24.19 95% Cheebyshev(Meaan, Sd) UCL 29.85

97.5% Cheebyshev(Meaan, Sd) UCL 37.71 99% Cheebyshev(Meaan, Sd) UCL 53.15

95% Studdent's-t UCL 19.59

Note: Suggeestions regarding the sellection of a 9 95% UCL are  e provided to  o help the us er to select t the most apppropriate 95% % UCL.

Recommenndations are  based upon  data size, da ata distributioon, and skewwness.

These recoommendations are based d upon the re esults of the  simulation s studies summmarized in Si ngh, Maichlee, and Lee (2 2006).

However, simulations resuults will not c cover all Rea  al World data a sets; for ad ditional insigght the user m may want to   consult a sta atistician.

Total N Number of O bservations 8 Number  of Distinct O bservations 8

Number o of Missing O bservations 0

Minimum 0.181 Mean 0.375

Maximum 0.712 Median 0.29

SD 0.212 Std. Er rror of Mean 0.0749

Coefficient  of Variation 0.565 Skewness 1.098
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266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

Shhapiro Wilk T Test Statistic 0.798

5% Sh apiro Wilk C ritical Value 0.818 Data  Not Normal  at 5% Signifficance Level

Lilliefors T Test Statistic 0.248

5% % Lilliefors C ritical Value 0.283 Data a ppear Normaal at 5% Signnificance Levvel

95% Studdent's-t UCL 0.517 95% Adjustedd-CLT UCL (C Chen-1995) 0.529

995% Modifiedd-t UCL (Johhnson-1978) 0.521

A-D T Test Statistic 0.577

5% A-D C ritical Value 0.719 Deteccted data app pear Gamma a Distributed  at 5% Signifficance Level

K-S T Test Statistic 0.234

5% K-S C ritical Value 0.295 Deteccted data app pear Gamma a Distributed  at 5% Signifficance Level

k hat (MLE) 4.163 k st tar (bias corrrected MLE) 2.685

Thet  a hat (MLE) 0.09 Theta st tar (bias corrrected MLE) 0.14

n  u hat (MLE) 66.62 nu star (bias s corrected) 42.97

MLE Mean (bias s corrected) 0.375 MMLE Sd (bias s corrected) 0.229

AApproximate C Chi Square V Value (0.05) 28.94

Adjustted Level of S Significance 0.0195 Adjusted Chi Sq quare Value 26.06

95%% Approximaate Gamma  UCL (use wh hen n>=50)) 0.556 95% Adjuusted Gamma UCL (use w when n<50) 0.618

Shhapiro Wilk T Test Statistic 0.886

5% Sh apiro Wilk C ritical Value 0.818 Data apppear Lognormmal at 5% Sig gnificance Le evel

Lilliefors T Test Statistic 0.213

5% % Lilliefors C ritical Value 0.283 Data apppear Lognormmal at 5% Sig gnificance Le evel

MMinimum of L ogged Data -1.709 Mean of l ogged Data -1.106

Maximum of L ogged Data -0.34 SD of l ogged Data 0.519

995% H-UCL 0.604 90% C Chebyshev (M MVUE) UCL 0.578

95% C Chebyshev (M MVUE) UCL 0.672 97.5% C Chebyshev (M MVUE) UCL 0.802

99% C Chebyshev (M MVUE) UCL 1.057
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319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

95%% CLT UCL 0.498 95% Jacckknife UCL 0.517

95% S Standard Boootstrap UCL 0.489 95% Boottstrap-t UCL 0.703

955% Hall's Boootstrap UCL 1.274 95% Pe ercentile Boootstrap UCL 0.499

95% BCA Boootstrap UCL 0.519

90% Cheebyshev(Meaan, Sd) UCL 0.599 95% Cheebyshev(Meaan, Sd) UCL 0.701

97.5% Cheebyshev(Meaan, Sd) UCL 0.842 99% Cheebyshev(Meaan, Sd) UCL 1.12

95% Studdent's-t UCL 0.517

When a  a data set fol llows an appproximate (e. g., normal) d distribution pa assing one o   of the GOF te est

When ap pplicable, it is  s suggested  to use a UC  L based upoon a distributiion (e.g., gammma) passinng both GOF  tests in ProUCL

Note: Suggeestions regarding the sellection of a 9 95% UCL are  e provided to  o help the us er to select t the most apppropriate 95% % UCL.

Recommenndations are  based upon  data size, da ata distributioon, and skewwness.

These recoommendations are based d upon the re esults of the  simulation s studies summmarized in Si ngh, Maichlee, and Lee (2 2006).

However, simulations resuults will not c cover all Rea  al World data a sets; for ad ditional insigght the user m may want to   consult a sta atistician.

Total N Number of O bservations 8 Number  of Distinct O bservations 8

Numbe  er of Detects 2 Number of N Non-Detects 6

Number of Distinct Detects 2 Number r of Distinct N Non-Detects 6

Minimmum Detect 0.068 Minimum  Non-Detect 0.034

Maximmum Detect 0.076 Maximum  Non-Detect 0.083

Variannce Detects 3.2000E-5 Percent N Non-Detects 75%

Meean Detects 0.072 SD Detects 0.00566

Meddian Detects 0.072 CV Detects 0.0786

Skewneess Detects N/A Kurtoosis Detects N/A

MMean of Loggged Detects -2.633 SD of Loggged Detects 0.0786

KM Mean 0.0473 KM  Standard Er rror of Mean 0.0109

KM SD 0.018 95% KM  (BCA) UCL N/A

95%  KM (t) UCL 0.0679 95% KM (Peercentile Boootstrap) UCL N/A

95%  KM (z) UCL 0.0652 95% KM Boottstrap t UCL N/A

900% KM Chebbyshev UCL 0.08 955% KM Chebbyshev UCL 0.0948

97.55% KM Chebbyshev UCL 0.115 999% KM Chebbyshev UCL 0.156
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372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

k hat (MLE) 323.7 k st tar (bias corrrected MLE) N/A

Thet  a hat (MLE) 2.2245E-4 Theta st tar (bias corrrected MLE) N/A

n  u hat (MLE) 1295 nu star (bias s corrected) N/A

Meaan (detects) 0.072

Mean (KM) 0.0473 SD (KM) 0.018

Variance (KM) 3.2320E-4 SE of   Mean (KM) 0.0109

k hat (KM) 6.918 k star (KM) 4.407

nu hat (KM) 110.7 nnu star (KM) 70.51

theeta hat (KM) 0.00684 thetta star (KM) 0.0107

80%  gamma perccentile (KM) 0.0645 90%  gamma perccentile (KM) 0.0775

95%  gamma perccentile (KM) 0.0894 99%  gamma perccentile (KM) 0.115

Adjusted L Level of Signnificance (β) 0.0195

Approoximate Chi  Square Value (70.51, α) 52.18 AAdjusted Chi  Square Valuue (70.51, β) 48.21

95% G Gamma Apprroximate KM--UCL (use w when n>=50) 0.0639 995% Gamma  Adjusted KM M-UCL (use w when n<50) 0.0692

Mean in Or riginal Scale 0.0625 Mean in  n Log Scale -2.776

SD in Or riginal Scale 0.00638 SD in  n Log Scale 0.0965

95% t UC CL (assumes s normality of  f ROS data) 0.0668 95% Pe ercentile Boootstrap UCL 0.0664

95% BCA Boootstrap UCL 0.0677 95% Boottstrap t UCL 0.0758

95% H-UCL L (Log ROS) N/A

KM Meean (logged) -3.118 KM M Geo Mean 0.0442

KM S SD (logged) 0.355 95% C ritical H Valuue (KM-Log) 2.131

KKM Standard d Error of Meean (logged) 0.217 95% H-UCL L (KM -Log) 0.0627

KM S SD (logged) 0.355 95% C ritical H Valuue (KM-Log) 2.131

KKM Standard d Error of Meean (logged) 0.217

Mean in Or riginal Scale 0.0417 Mean in  n Log Scale -3.277

SD in Or riginal Scale 0.0201 SD in  n Log Scale 0.478

95% t UC CL (Assume  s normality) 0.0552 95%  H-Stat UCL 0.0644

95%  KM (t) UCL 0.0679 KM H-UCL 0.0627

95% KM  (BCA) UCL N/A
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425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460
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462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

Note: Suggeestions regarding the sellection of a 9 95% UCL are  e provided to  o help the us er to select t the most apppropriate 95% % UCL.

Recommenndations are  based upon  data size, da ata distributioon, and skewwness.

These recoommendations are based d upon the re esults of the  simulation s studies summmarized in Si ngh, Maichlee, and Lee (2 2006).

However, simulations resuults will not c cover all Rea  al World data a sets; for ad ditional insigght the user m may want to   consult a sta atistician.

Total N Number of O bservations 8 Number  of Distinct O bservations 8

Number o of Missing O bservations 0

Minimum 0.127 Mean 0.33

Maximum 0.567 Median 0.272

SD 0.16 Std. Er rror of Mean 0.0566

Coefficient  of Variation 0.485 Skewness 0.618

Shhapiro Wilk T Test Statistic 0.9

5% Sh apiro Wilk C ritical Value 0.818 Data a ppear Normaal at 5% Signnificance Levvel

Lilliefors T Test Statistic 0.209

5% % Lilliefors C ritical Value 0.283 Data a ppear Normaal at 5% Signnificance Levvel

95% Studdent's-t UCL 0.437 95% Adjustedd-CLT UCL (C Chen-1995) 0.436

995% Modifiedd-t UCL (Johhnson-1978) 0.439

A-D T Test Statistic 0.309

5% A-D C ritical Value 0.719 Deteccted data app pear Gamma a Distributed  at 5% Signifficance Level

K-S T Test Statistic 0.175

5% K-S C ritical Value 0.295 Deteccted data app pear Gamma a Distributed  at 5% Signifficance Level

k hat (MLE) 4.832 k st tar (bias corrrected MLE) 3.103

Thet  a hat (MLE) 0.0683 Theta st tar (bias corrrected MLE) 0.106

n  u hat (MLE) 77.31 nu star (bias s corrected) 49.65

MLE Mean (bias s corrected) 0.33 MMLE Sd (bias s corrected) 0.187

AApproximate C Chi Square V Value (0.05) 34.47

Adjustted Level of S Significance 0.0195 Adjusted Chi Sq quare Value 31.3

95%% Approximaate Gamma  UCL (use wh hen n>=50)) 0.475 95% Adjuusted Gamma UCL (use w when n<50) 0.524
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478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

Shhapiro Wilk T Test Statistic 0.945

5% Sh apiro Wilk C ritical Value 0.818 Data apppear Lognormmal at 5% Sig gnificance Le evel

Lilliefors T Test Statistic 0.142

5% % Lilliefors C ritical Value 0.283 Data apppear Lognormmal at 5% Sig gnificance Le evel

MMinimum of L ogged Data -2.064 Mean of l ogged Data -1.215

Maximum of L ogged Data -0.567 SD of l ogged Data 0.504

995% H-UCL 0.528 90% C Chebyshev (M MVUE) UCL 0.51

95% C Chebyshev (M MVUE) UCL 0.591 97.5% C Chebyshev (M MVUE) UCL 0.703

99% C Chebyshev (M MVUE) UCL 0.924

95%% CLT UCL 0.423 95% Jacckknife UCL 0.437

95% S Standard Boootstrap UCL 0.416 95% Boottstrap-t UCL 0.482

955% Hall's Boootstrap UCL 0.467 95% Pe ercentile Boootstrap UCL 0.421

95% BCA Boootstrap UCL 0.426

90% Cheebyshev(Meaan, Sd) UCL 0.5 95% Cheebyshev(Meaan, Sd) UCL 0.577

97.5% Cheebyshev(Meaan, Sd) UCL 0.683 99% Cheebyshev(Meaan, Sd) UCL 0.893

95% Studdent's-t UCL 0.437

Note: Suggeestions regarding the sellection of a 9 95% UCL are  e provided to  o help the us er to select t the most apppropriate 95% % UCL.

Recommenndations are  based upon  data size, da ata distributioon, and skewwness.

These recoommendations are based d upon the re esults of the  simulation s studies summmarized in Si ngh, Maichlee, and Lee (2 2006).

However, simulations resuults will not c cover all Rea  al World data a sets; for ad ditional insigght the user m may want to   consult a sta atistician.
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User Seleccted Options

Datee/Time of Co omputation ProUCL 5.133/6/2017 12:332:24 PM

From File RAD 0-10_aa.xls

Full  Precision OFF

CConfidence C Coefficient 95%

Number o   f Bootstrap O Operations 2000

Total  Number of O Observations 71 Number r of Distinct O Observations 71

Numbe  er of Detects 69 Number of N Non-Detects 2

Nuumber of Disttinct Detects 69 Numbe  r of Distinct N Non-Detects 2

Minimmum Detect 0.306 Minimum  Non-Detect 0.406

Maximmum Detect 62.83 Maximum  Non-Detect 0.517

Variance Detects 67.09 Percent N Non-Detects 2.817%

Meean Detects 2.278 SD Detects 8.191

Meddian Detects 0.634 CV Detects 3.596

Skewnness Detects 6.634 Kurtoosis Detects 46.64

Mean of Loggged Detects -0.163 SD of Loggged Detects 0.913

Shhapiro Wilk T Test Statistic 0.239

55% Shapiro W Wilk P Value 0 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.424

5%% Lilliefors C Critical Value 0.107 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 2.224 KM M Standard Er rror of Mean 0.959

KM SD 8.022 95% KM  (BCA) UCL 4.162

95%  KM (t) UCL 3.823 95% KM (Pe ercentile Boootstrap) UCL 3.917

95%  KM (z) UCL 3.802 995% KM Boottstrap t UCL 13

990% KM Chebbyshev UCL 5.101 995% KM Chebbyshev UCL 6.405

97.5% KM Chebbyshev UCL 8.213 999% KM Chebbyshev UCL 11.77

A-D T Test Statistic 13.32

5% A-D C Critical Value 0.805 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.348

5% K-S C Critical Value 0.113 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

k hat (MLE) 0.623 k s star (bias corrrected MLE) 0.605

Thetta hat (MLE) 3.657 Theta s star (bias corrrected MLE) 3.763

nnu hat (MLE) 85.95 nu star (bia  s corrected) 83.54

Mean (detects) 2.278

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs
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54

55

56
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85

86

87

88
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99
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104

105

106

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 2.214

Maximum 62.83 Median 0.62

SD 8.082 CV 3.65

k hat (MLE) 0.574 k s star (bias corrrected MLE) 0.559

Thetta hat (MLE) 3.856 Theta s star (bias corrrected MLE) 3.959

nnu hat (MLE) 81.52 nu star (bia  s corrected) 79.41

Adjusted  Level of Signnificance (β) 0.0466

Apprroximate Chi  Square Valuue (79.41, α) 59.88 AAdjusted Chi  Square Valuue (79.41, β) 59.53

995% Gamma  Approximate e UCL (use w when n>=50) 2.936 95% Gamma Adjusteed UCL (use  when n<50) 2.953

Mean (KM) 2.224 SD (KM) 8.022

Vaariance (KM) 64.35 SE of  f Mean (KM) 0.959

k hat (KM) 0.0769 k star (KM) 0.083

nu hat (KM) 10.92 nnu star (KM) 11.79

theeta hat (KM) 28.93 theeta star (KM) 26.79

80% % gamma perccentile (KM) 1.136 90% % gamma perccentile (KM) 5.394

95% % gamma perccentile (KM) 12.95 99% % gamma perccentile (KM) 38.7

Apprroximate Chi  Square Valuue (11.79, α) 5.088 AAdjusted Chi  Square Valuue (11.79, β) 4.997

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 5.153 95% Gamma a Adjusted K M-UCL (use  when n<50) 5.248

Shhapiro Wilk Ap pproximate T Test Statistic 0.716

55% Shapiro W Wilk P Value 0 Deetected Data  Not Lognormmal at 5% Significance Levvel

Lilliefors T Test Statistic 0.223

5%% Lilliefors C Critical Value 0.107 Deetected Data  Not Lognormmal at 5% Significance Levvel

Mean in Or riginal Scale 2.221 Mean i   n Log Scale -0.198

SD in Or riginal Scale 8.08 SD i   n Log Scale 0.923

95% t U  UCL (assumes s normality o   of ROS data) 3.819 95% P Percentile Boootstrap UCL 3.914

995% BCA Bootstrap UCL 5.304 95% Boottstrap t UCL 13.89

95% H-UCL L (Log ROS) 1.597

KM Me ean (logged) -0.187 KM M Geo Mean 0.83

KM S SD (logged) 0.904 95% C Critical H Valuue (KM-Log) 2.161

KM Standar  d Error of Me ean (logged) 0.108 95% H-UCL (KM -Log) 1.577

KM S SD (logged) 0.904 95% C Critical H Valuue (KM-Log) 2.161

KM Standar  d Error of Me ean (logged) 0.108

Mean in Or riginal Scale 2.22 Mean i   n Log Scale -0.2

SD in Or riginal Scale 8.08 SD i   n Log Scale 0.926

95% t U  UCL (Assumees normality) 3.819 95%  H-Stat UCL 1.6
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158
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95% KM (Chebbyshev) UCL 6.405

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 71 Number r of Distinct O Observations 71

Numbe  er of Detects 69 Number of N Non-Detects 2

Nuumber of Disttinct Detects 69 Numbe  r of Distinct N Non-Detects 2

Minimmum Detect 0.355 Minimum  Non-Detect 0.389

Maximmum Detect 533.8 Maximum  Non-Detect 0.45

Variance Detects 5214 Percent N Non-Detects 2.817%

Meean Detects 19.35 SD Detects 72.21

Meddian Detects 1.019 CV Detects 3.731

Skewnness Detects 6.061 Kurtoosis Detects 40.3

Mean of Loggged Detects 0.795 SD of Loggged Detects 1.663

Shhapiro Wilk T Test Statistic 0.298

55% Shapiro W Wilk P Value 0 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.396

5%% Lilliefors C Critical Value 0.107 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 18.82 KM M Standard Er rror of Mean 8.456

KM SD 70.73 95% KM  (BCA) UCL 34.85

95%  KM (t) UCL 32.92 95% KM (Pe ercentile Boootstrap) UCL 34.29

95%  KM (z) UCL 32.73 995% KM Boottstrap t UCL 66.93

990% KM Chebbyshev UCL 44.19 995% KM Chebbyshev UCL 55.68

97.5% KM Chebbyshev UCL 71.63 999% KM Chebbyshev UCL 103

A-D T Test Statistic 11.78

5% A-D C Critical Value 0.862 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.338

5% K-S C Critical Value 0.116 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

k hat (MLE) 0.315 k s star (bias corrrected MLE) 0.311

Thetta hat (MLE) 61.35 Theta s star (bias corrrected MLE) 62.15

nnu hat (MLE) 43.53 nu star (bia  s corrected) 42.97
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Mean (detects) 19.35

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 18.81

Maximum 533.8 Median 1.018

SD 71.24 CV 3.787

k hat (MLE) 0.301 k s star (bias corrrected MLE) 0.297

Thetta hat (MLE) 62.54 Theta s star (bias corrrected MLE) 63.23

nnu hat (MLE) 42.71 nu star (bia  s corrected) 42.24

Adjusted  Level of Signnificance (β) 0.0466

Apprroximate Chi  Square Valuue (42.24, α) 28.34 AAdjusted Chi  Square Valuue (42.24, β) 28.1

995% Gamma  Approximate e UCL (use w when n>=50) 28.03 95% Gamma Adjusteed UCL (use  when n<50) 28.27

Mean (KM) 18.82 SD (KM) 70.73

Vaariance (KM) 5003 SE of  f Mean (KM) 8.456

k hat (KM) 0.0708 k star (KM) 0.0772

nu hat (KM) 10.05 nnu star (KM) 10.96

theeta hat (KM) 265.9 theeta star (KM) 243.8

80% % gamma perccentile (KM) 8.34 90% % gamma perccentile (KM) 43.6

95% % gamma perccentile (KM) 109.2 99% % gamma perccentile (KM) 339

Apprroximate Chi  Square Valuue (10.96, α) 4.551 AAdjusted Chi  Square Valuue (10.96, β) 4.465

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 45.33 95% Gamma a Adjusted K M-UCL (use  when n<50) 46.2

Shhapiro Wilk Ap pproximate T Test Statistic 0.758

55% Shapiro W Wilk P Value 1.998E-15 Deetected Data  Not Lognormmal at 5% Significance Levvel

Lilliefors T Test Statistic 0.277

5%% Lilliefors C Critical Value 0.107 Deetected Data  Not Lognormmal at 5% Significance Levvel

Mean in Or riginal Scale 18.81 Mean i   n Log Scale 0.702

SD in Or riginal Scale 71.24 SD i   n Log Scale 1.728

95% t U  UCL (assumes s normality o   of ROS data) 32.91 95% P Percentile Boootstrap UCL 34.1

995% BCA Bootstrap UCL 43.66 95% Boottstrap t UCL 65.93

95% H-UCL L (Log ROS) 16.91

KM Me ean (logged) 0.744 KM M Geo Mean 2.105

KM S SD (logged) 1.654 95% C Critical H Valuue (KM-Log) 2.972

KM Standar  d Error of Me ean (logged) 0.198 95% H-UCL (KM -Log) 14.89

KM S SD (logged) 1.654 95% C Critical H Valuue (KM-Log) 2.972

KM Standar  d Error of Me ean (logged) 0.198
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244
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Mean in Or riginal Scale 18.82 Mean i   n Log Scale 0.728

SD in Or riginal Scale 71.24 SD i   n Log Scale 1.685

95% t U  UCL (Assumees normality) 32.91 95%  H-Stat UCL 15.72

95% KM (Chebbyshev) UCL 55.68

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 71 Number r of Distinct O Observations 59

Numbe  er of Detects 3 Number of N Non-Detects 68

Nuumber of Disttinct Detects 3 Numbe  r of Distinct N Non-Detects 56

Minimmum Detect 1.05 Minimum  Non-Detect 0.527

Maximmum Detect 20.87 Maximum  Non-Detect 6.93

Variance Detects 101 Percent N Non-Detects 95.77%

Meean Detects 9.979 SD Detects 10.05

Meddian Detects 8.022 CV Detects 1.007

Skewnness Detects 0.843 Kurtoosis Detects N/A

Mean of Loggged Detects 1.723 SD of Loggged Detects 1.527

Shhapiro Wilk T Test Statistic 0.972

5% Sh hapiro Wilk C Critical Value 0.767 Deetected Data a appear Normmal at 5% Significance Levvel

Lilliefors T Test Statistic 0.244

5%% Lilliefors C Critical Value 0.425 Deetected Data a appear Normmal at 5% Significance Levvel

KM Mean 0.937 KM M Standard Er rror of Mean 0.37

KM SD 2.541 95% KM  (BCA) UCL N/A

95%  KM (t) UCL 1.554 95% KM (Pe ercentile Boootstrap) UCL N/A

95%  KM (z) UCL 1.545 995% KM Boottstrap t UCL N/A

990% KM Chebbyshev UCL 2.046 995% KM Chebbyshev UCL 2.549

97.5% KM Chebbyshev UCL 3.246 999% KM Chebbyshev UCL 4.616
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314
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317

318

k hat (MLE) 1 k s star (bias corrrected MLE) N/A

Thetta hat (MLE) 9.983 Theta s star (bias corrrected MLE) N/A

nnu hat (MLE) 5.998 nu star (bia  s corrected) N/A

Mean (detects) 9.979

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.01 Mean 0.431

Maximum 20.87 Median 0.01

SD 2.639 CV 6.12

k hat (MLE) 0.209 k s star (bias corrrected MLE) 0.21

Thetta hat (MLE) 2.063 Theta s star (bias corrrected MLE) 2.058

nnu hat (MLE) 29.68 nu star (bia  s corrected) 29.76

Adjusted  Level of Signnificance (β) 0.0466

Apprroximate Chi  Square Valuue (29.76, α) 18.3 AAdjusted Chi  Square Valuue (29.76, β) 18.12

995% Gamma  Approximate e UCL (use w when n>=50) 0.701 95% Gamma Adjusteed UCL (use  when n<50) N/A

Mean (KM) 0.937 SD (KM) 2.541

Vaariance (KM) 6.459 SE of  f Mean (KM) 0.37

k hat (KM) 0.136 k star (KM) 0.14

nu hat (KM) 19.31 nnu star (KM) 19.83

theeta hat (KM) 6.892 theeta star (KM) 6.712

80% % gamma perccentile (KM) 0.959 90% % gamma perccentile (KM) 2.748

95% % gamma perccentile (KM) 5.227 99% % gamma perccentile (KM) 12.53

Apprroximate Chi  Square Valuue (19.83, α) 10.72 AAdjusted Chi  Square Valuue (19.83, β) 10.59

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 1.733 95% Gamma a Adjusted K M-UCL (use  when n<50) 1.755

Shhapiro Wilk T Test Statistic 0.958

5% Sh hapiro Wilk C Critical Value 0.767 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.26

5%% Lilliefors C Critical Value 0.425 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 0.422 Mean i   n Log Scale -7.459

SD in Or riginal Scale 2.641 SD i   n Log Scale 2.283

95% t U  UCL (assumes s normality o   of ROS data) 0.945 95% P Percentile Boootstrap UCL 1.01

995% BCA Bootstrap UCL 1.446 95% Boottstrap t UCL 9.053

95% H-UCL L (Log ROS) 0.0218

KM Me ean (logged) -0.526 KM M Geo Mean 0.591

KM S SD (logged) 0.546 95% C Critical H Valuue (KM-Log) 1.88

KM Standar  d Error of Me ean (logged) 0.0825 95% H-UCL (KM -Log) 0.775
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KM S SD (logged) 0.546 95% C Critical H Valuue (KM-Log) 1.88

KM Standar  d Error of Me ean (logged) 0.0825

Mean in Or riginal Scale 1.148 Mean i   n Log Scale -0.376

SD in Or riginal Scale 2.594 SD i   n Log Scale 0.753

95% t U  UCL (Assumees normality) 1.661 95%  H-Stat UCL 1.094

95%  KM (t) UCL 1.554

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 71 Number r of Distinct O Observations 71

Number  of Missing O Observations 0

Minimum 7.487 Mean 12.95

Maximum 18.45 Median 13.14

SD 2.195 Std. Er rror of Mean 0.26

Coefficient  of Variation 0.169 Skewness -0.0138

Shhapiro Wilk T Test Statistic 0.99

55% Shapiro W Wilk P Value 0.964 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.0523

5%% Lilliefors C Critical Value 0.105 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 13.38 995% Adjustedd-CLT UCL ( Chen-1995) 13.38

95% Modifieed-t UCL (Johhnson-1978) 13.38

A-D T Test Statistic 0.262

5% A-D C Critical Value 0.749 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.0666

5% K-S C Critical Value 0.105 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 33.92 k s star (bias corrrected MLE) 32.5
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405
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414
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418

Thetta hat (MLE) 0.382 Theta s star (bias corrrected MLE) 0.398

nnu hat (MLE) 4817 nu star (bia  s corrected) 4615

MLLE Mean (bia  s corrected) 12.95 MLE Sd (bia  s corrected) 2.271

AApproximate  Chi Square V Value (0.05) 4458

Adjusted Level of S Significance 0.0466 Adjusted Chi Sq quare Value 4455

955% Approximmate Gamma  UCL (use wh hen n>=50)) 13.4 95% Adjjusted Gammma UCL (use  when n<50) 13.41

Shhapiro Wilk T Test Statistic 0.977

55% Shapiro W Wilk P Value 0.473 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.0767

5%% Lilliefors C Critical Value 0.105 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 2.013 Mean of l  logged Data 2.546

MMaximum of L Logged Data 2.915 SD of l  logged Data 0.176

95% H-UCL 13.43 90% C Chebyshev (M MVUE) UCL 13.77

95% C Chebyshev (M MVUE) UCL 14.14 97.5% C Chebyshev (M MVUE) UCL 14.66

99% C Chebyshev (M MVUE) UCL 15.67

95% CLT UCL 13.38 95% Jac ckknife UCL 13.38

95%  Standard Bootstrap UCL 13.37 95% Boottstrap-t UCL 13.38

955% Hall's Boootstrap UCL 13.39 95% P Percentile Boootstrap UCL 13.38

995% BCA Bootstrap UCL 13.39

90% Cheebyshev(Meaan, Sd) UCL 13.73 95% Cheebyshev(Meaan, Sd) UCL 14.08

97.5% Cheebyshev(Meaan, Sd) UCL 14.58 99% Cheebyshev(Meaan, Sd) UCL 15.54

95% Studdent's-t UCL 13.38

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.
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User Seleccted Options

Datee/Time of Co omputation ProUCL 5.133/28/2017 9:0 03:40 PM

From File Cooper Soil- - 0-10 COC-PPROUCL_a.xxls

Full  Precision OFF

CConfidence C Coefficient 95%

Number o   f Bootstrap O Operations 2000

Total  Number of O Observations 3 Number r of Distinct O Observations 3

Number  of Missing O Observations 0

Minimum 12.08 Mean 13.25

Maximum 15.01 Median 12.66

SD 1.549 Std. Er rror of Mean 0.894

Coefficient  of Variation 0.117 Skewness 1.469

Shhapiro Wilk T Test Statistic 0.89

5% Sh hapiro Wilk C Critical Value 0.767 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.316

5%% Lilliefors C Critical Value 0.425 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 15.86 995% Adjustedd-CLT UCL ( Chen-1995) 15.53

95% Modifieed-t UCL (Johhnson-1978) 15.99

k hat (MLE) 113.5 k s star (bias corrrected MLE) N/A

Thetta hat (MLE) 0.117 Theta s star (bias corrrected MLE) N/A

nnu hat (MLE) 681.2 nu star (bia  s corrected) N/A

MLLE Mean (bia  s corrected) N/A MLE Sd (bia  s corrected) N/A

AApproximate  Chi Square V Value (0.05) N/A

Adjusted Level of S Significance N/A Adjusted Chi Sq quare Value N/A

955% Approximmate Gamma  UCL (use wh hen n>=50)) N/A 95% Adjjusted Gammma UCL (use  when n<50) N/A

Shhapiro Wilk T Test Statistic 0.902
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5% Sh hapiro Wilk C Critical Value 0.767 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.308

5%% Lilliefors C Critical Value 0.425 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 2.492 Mean of l  logged Data 2.58

MMaximum of L Logged Data 2.709 SD of l  logged Data 0.114

95% H-UCL 16.66 90% C Chebyshev (M MVUE) UCL 15.86

95% C Chebyshev (M MVUE) UCL 17.05 97.5% C Chebyshev (M MVUE) UCL 18.69

99% C Chebyshev (M MVUE) UCL 21.92

95% CLT UCL 14.72 95% Jac ckknife UCL 15.86

95%  Standard Bootstrap UCL N/A 95% Boottstrap-t UCL N/A

955% Hall's Boootstrap UCL N/A 95% P Percentile Boootstrap UCL N/A

995% BCA Bootstrap UCL N/A

90% Cheebyshev(Meaan, Sd) UCL 15.93 95% Cheebyshev(Meaan, Sd) UCL 17.15

97.5% Cheebyshev(Meaan, Sd) UCL 18.83 99% Cheebyshev(Meaan, Sd) UCL 22.15

95% Studdent's-t UCL 15.86

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 3 Number r of Distinct O Observations 3

Number  of Missing O Observations 0

Minimum 0.947 Mean 2.85

Maximum 6.178 Median 1.425

SD 2.892 Std. Er rror of Mean 1.67

Coefficient  of Variation 1.015 Skewness 1.679

Shhapiro Wilk T Test Statistic 0.818
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5% Sh hapiro Wilk C Critical Value 0.767 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.356

5%% Lilliefors C Critical Value 0.425 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 7.726 995% Adjustedd-CLT UCL ( Chen-1995) 7.326

95% Modifieed-t UCL (Johhnson-1978) 7.995

k hat (MLE) 1.615 k s star (bias corrrected MLE) N/A

Thetta hat (MLE) 1.764 Theta s star (bias corrrected MLE) N/A

nnu hat (MLE) 9.692 nu star (bia  s corrected) N/A

MLLE Mean (bia  s corrected) N/A MLE Sd (bia  s corrected) N/A

AApproximate  Chi Square V Value (0.05) N/A

Adjusted Level of S Significance N/A Adjusted Chi Sq quare Value N/A

955% Approximmate Gamma  UCL (use wh hen n>=50)) N/A 95% Adjjusted Gammma UCL (use  when n<50) N/A

Shhapiro Wilk T Test Statistic 0.904

5% Sh hapiro Wilk C Critical Value 0.767 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.306

5%% Lilliefors C Critical Value 0.425 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data -0.0545 Mean of l  logged Data 0.707

MMaximum of L Logged Data 1.821 SD of l  logged Data 0.986

95% H-UCL 26057 90% C Chebyshev (M MVUE) UCL 6.933

95% C Chebyshev (M MVUE) UCL 8.832 97.5% C Chebyshev (M MVUE) UCL 11.47

99% C Chebyshev (M MVUE) UCL 16.65

95% CLT UCL 5.596 95% Jac ckknife UCL 7.726

95%  Standard Bootstrap UCL N/A 95% Boottstrap-t UCL N/A

955% Hall's Boootstrap UCL N/A 95% P Percentile Boootstrap UCL N/A

995% BCA Bootstrap UCL N/A

90% Cheebyshev(Meaan, Sd) UCL 7.859 95% Cheebyshev(Meaan, Sd) UCL 10.13

97.5% Cheebyshev(Meaan, Sd) UCL 13.28 99% Cheebyshev(Meaan, Sd) UCL 19.46

95% Studdent's-t UCL 7.726
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Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 3 Number r of Distinct O Observations 3

Number  of Missing O Observations 0

Minimum 0.874 Mean 1.362

Maximum 2.277 Median 0.935

SD 0.793 Std. Er rror of Mean 0.458

Coefficient  of Variation 0.582 Skewness 1.721

Shhapiro Wilk T Test Statistic 0.783

5% Sh hapiro Wilk C Critical Value 0.767 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.372

5%% Lilliefors C Critical Value 0.425 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 2.699 995% Adjustedd-CLT UCL ( Chen-1995) 2.601

95% Modifieed-t UCL (Johhnson-1978) 2.775

k hat (MLE) 5.065 k s star (bias corrrected MLE) N/A

Thetta hat (MLE) 0.269 Theta s star (bias corrrected MLE) N/A

nnu hat (MLE) 30.39 nu star (bia  s corrected) N/A

MLLE Mean (bia  s corrected) N/A MLE Sd (bia  s corrected) N/A

AApproximate  Chi Square V Value (0.05) N/A

Adjusted Level of S Significance N/A Adjusted Chi Sq quare Value N/A

955% Approximmate Gamma  UCL (use wh hen n>=50)) N/A 95% Adjjusted Gammma UCL (use  when n<50) N/A

Shhapiro Wilk T Test Statistic 0.803

5% Sh hapiro Wilk C Critical Value 0.767 Data appear r Lognormal a at 5% Significcance Level
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Lilliefors T Test Statistic 0.363

5%% Lilliefors C Critical Value 0.425 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data -0.135 Mean of l  logged Data 0.207

MMaximum of L Logged Data 0.823 SD of l  logged Data 0.534

95% H-UCL 19.56 90% C Chebyshev (M MVUE) UCL 2.557

95% C Chebyshev (M MVUE) UCL 3.104 97.5% C Chebyshev (M MVUE) UCL 3.862

99% C Chebyshev (M MVUE) UCL 5.353

95% CLT UCL 2.115 95% Jac ckknife UCL 2.699

95%  Standard Bootstrap UCL N/A 95% Boottstrap-t UCL N/A

955% Hall's Boootstrap UCL N/A 95% P Percentile Boootstrap UCL N/A

995% BCA Bootstrap UCL N/A

90% Cheebyshev(Meaan, Sd) UCL 2.736 95% Cheebyshev(Meaan, Sd) UCL 3.358

97.5% Cheebyshev(Meaan, Sd) UCL 4.221 99% Cheebyshev(Meaan, Sd) UCL 5.917

95% Studdent's-t UCL 2.699

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.



A B C D E F G H I J K L

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

User Seleccted Options

Datee/Time of Co omputation ProUCL 5.133/28/2017 9:0 02:38 PM

From File Cooper Soil- - 0-10 COC-PPROUCL.xls

Full  Precision OFF

CConfidence C Coefficient 95%

Number o   f Bootstrap O Operations 2000

Total  Number of O Observations 42 Number r of Distinct O Observations 42

Number  of Missing O Observations 0

Minimum 9.768 Mean 12.85

Maximum 16.28 Median 13.11

SD 1.539 Std. Er rror of Mean 0.237

Coefficient  of Variation 0.12 Skewness -0.412

Shhapiro Wilk T Test Statistic 0.917

5% Sh hapiro Wilk C Critical Value 0.942 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.117

5%% Lilliefors C Critical Value 0.135 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 13.25 995% Adjustedd-CLT UCL ( Chen-1995) 13.23

95% Modifieed-t UCL (Johhnson-1978) 13.25

A-D T Test Statistic 0.953

5% A-D C Critical Value 0.747 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.13

5% K-S C Critical Value 0.136 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 67.97 k s star (bias corrrected MLE) 63.13

Thetta hat (MLE) 0.189 Theta s star (bias corrrected MLE) 0.204

nnu hat (MLE) 5710 nu star (bia  s corrected) 5303

MLLE Mean (bia  s corrected) 12.85 MLE Sd (bia  s corrected) 1.617

AApproximate  Chi Square V Value (0.05) 5135

Adjusted Level of S Significance 0.0443 Adjusted Chi Sq quare Value 5129

955% Approximmate Gamma  UCL (use wh hen n>=50)) 13.27 95% Adjjusted Gammma UCL (use  when n<50) 13.29

Shhapiro Wilk T Test Statistic 0.893

5% Sh hapiro Wilk C Critical Value 0.942 Data Not L Lognormal at   5% Significaance Level
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Lilliefors T Test Statistic 0.139

5%% Lilliefors C Critical Value 0.135 Data Not L Lognormal at   5% Significaance Level

MMinimum of L Logged Data 2.279 Mean of l  logged Data 2.546

MMaximum of L Logged Data 2.79 SD of l  logged Data 0.125

95% H-UCL 13.29 90% C Chebyshev (M MVUE) UCL 13.6

95% C Chebyshev (M MVUE) UCL 13.94 97.5% C Chebyshev (M MVUE) UCL 14.4

99% C Chebyshev (M MVUE) UCL 15.32

95% CLT UCL 13.24 95% Jac ckknife UCL 13.25

95%  Standard Bootstrap UCL 13.24 95% Boottstrap-t UCL 13.25

955% Hall's Boootstrap UCL 13.24 95% P Percentile Boootstrap UCL 13.22

995% BCA Bootstrap UCL 13.23

90% Cheebyshev(Meaan, Sd) UCL 13.56 95% Cheebyshev(Meaan, Sd) UCL 13.89

97.5% Cheebyshev(Meaan, Sd) UCL 14.33 99% Cheebyshev(Meaan, Sd) UCL 15.21

95% Studdent's-t UCL 13.25

When a da ata set followws an approxiimate (e.g., n normal) distribbution passinng one of the  GOF test

When appliccable, it is su uggested to u use a UCL ba ased upon a   distribution ( e.g., gamma  ) passing bot th GOF tests s in ProUCL

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 42 Number r of Distinct O Observations 42

Number  of Missing O Observations 0

Minimum 0.468 Mean 1.082

Maximum 6.445 Median 0.918

SD 0.893 Std. Er rror of Mean 0.138

Coefficient  of Variation 0.826 Skewness 5.519

Shhapiro Wilk T Test Statistic 0.418

5% Sh hapiro Wilk C Critical Value 0.942 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.3
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5%% Lilliefors C Critical Value 0.135 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 1.314 995% Adjustedd-CLT UCL ( Chen-1995) 1.434

95% Modifieed-t UCL (Johhnson-1978) 1.334

A-D T Test Statistic 2.804

5% A-D C Critical Value 0.753 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.186

5% K-S C Critical Value 0.137 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 4.162 k s star (bias corrrected MLE) 3.881

Thetta hat (MLE) 0.26 Theta s star (bias corrrected MLE) 0.279

nnu hat (MLE) 349.6 nu star (bia  s corrected) 326

MLLE Mean (bia  s corrected) 1.082 MLE Sd (bia  s corrected) 0.549

AApproximate  Chi Square V Value (0.05) 285.2

Adjusted Level of S Significance 0.0443 Adjusted Chi Sq quare Value 283.8

955% Approximmate Gamma  UCL (use wh hen n>=50)) 1.237 95% Adjjusted Gammma UCL (use  when n<50) 1.243

Shhapiro Wilk T Test Statistic 0.816

5% Sh hapiro Wilk C Critical Value 0.942 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.126

5%% Lilliefors C Critical Value 0.135 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data -0.759 Mean of l  logged Data -0.046

MMaximum of L Logged Data 1.863 SD of l  logged Data 0.421

95% H-UCL 1.178 90% C Chebyshev (M MVUE) UCL 1.251

95% C Chebyshev (M MVUE) UCL 1.346 97.5% C Chebyshev (M MVUE) UCL 1.478

99% C Chebyshev (M MVUE) UCL 1.737

95% CLT UCL 1.309 95% Jac ckknife UCL 1.314

95%  Standard Bootstrap UCL 1.306 95% Boottstrap-t UCL 1.703

955% Hall's Boootstrap UCL 2.232 95% P Percentile Boootstrap UCL 1.343

995% BCA Bootstrap UCL 1.477

90% Cheebyshev(Meaan, Sd) UCL 1.496 95% Cheebyshev(Meaan, Sd) UCL 1.683

97.5% Cheebyshev(Meaan, Sd) UCL 1.943 99% Cheebyshev(Meaan, Sd) UCL 2.454
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95% Studdent's-t UCL 1.314 or 95% Modified-t UCL 1.334

or 9 95% H-UCL 1.178

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 42 Number r of Distinct O Observations 33

Numbe  er of Detects 1 Number of N Non-Detects 41

Nuumber of Disttinct Detects 1 Numbe  r of Distinct N Non-Detects 32

Total  Number of O Observations 42 Number r of Distinct O Observations 42

Number  of Missing O Observations 0

Minimum 0.243 Mean 0.661

Maximum 1.669 Median 0.646

SD 0.233 Std. Er rror of Mean 0.0359

Coefficient  of Variation 0.352 Skewness 1.856

Shhapiro Wilk T Test Statistic 0.844

5% Sh hapiro Wilk C Critical Value 0.942 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.129

5%% Lilliefors C Critical Value 0.135 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 0.721 995% Adjustedd-CLT UCL ( Chen-1995) 0.731

95% Modifieed-t UCL (Johhnson-1978) 0.723

A-D T Test Statistic 0.47

5% A-D C Critical Value 0.749 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level
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K-S T Test Statistic 0.103

5% K-S C Critical Value 0.136 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 9.363 k s star (bias corrrected MLE) 8.71

Thetta hat (MLE) 0.0706 Theta s star (bias corrrected MLE) 0.0759

nnu hat (MLE) 786.5 nu star (bia  s corrected) 731.6

MLLE Mean (bia  s corrected) 0.661 MLE Sd (bia  s corrected) 0.224

AApproximate  Chi Square V Value (0.05) 669.9

Adjusted Level of S Significance 0.0443 Adjusted Chi Sq quare Value 667.8

955% Approximmate Gamma  UCL (use wh hen n>=50)) 0.722 95% Adjjusted Gammma UCL (use  when n<50) 0.724

Shhapiro Wilk T Test Statistic 0.935

5% Sh hapiro Wilk C Critical Value 0.942 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.116

5%% Lilliefors C Critical Value 0.135 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data -1.414 Mean of l  logged Data -0.468

MMaximum of L Logged Data 0.512 SD of l  logged Data 0.334

95% H-UCL 0.727 90% C Chebyshev (M MVUE) UCL 0.766

95% C Chebyshev (M MVUE) UCL 0.813 97.5% C Chebyshev (M MVUE) UCL 0.879

99% C Chebyshev (M MVUE) UCL 1.008

95% CLT UCL 0.72 95% Jac ckknife UCL 0.721

95%  Standard Bootstrap UCL 0.72 95% Boottstrap-t UCL 0.733

955% Hall's Boootstrap UCL 0.759 95% P Percentile Boootstrap UCL 0.722

995% BCA Bootstrap UCL 0.734

90% Cheebyshev(Meaan, Sd) UCL 0.769 95% Cheebyshev(Meaan, Sd) UCL 0.818

97.5% Cheebyshev(Meaan, Sd) UCL 0.885 99% Cheebyshev(Meaan, Sd) UCL 1.018

95% Studdent's-t UCL 0.721

When a da ata set followws an approxiimate (e.g., n normal) distribbution passinng one of the  GOF test

When appliccable, it is su uggested to u use a UCL ba ased upon a   distribution ( e.g., gamma  ) passing bot th GOF tests s in ProUCL

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.
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User Seleccted Options

Datee/Time of Co omputation ProUCL 5.133/29/2017 12 2:01:23 AM

From File IRVING Soil  - 0-10 ProUCCL.xls

Full  Precision OFF

CConfidence C Coefficient 95%

Number o   f Bootstrap O Operations 2000

Total  Number of O Observations 7 Number r of Distinct O Observations 7

Number  of Missing O Observations 0

Minimum 10.71 Mean 14.59

Maximum 29.62 Median 12.43

SD 6.694 Std. Er rror of Mean 2.53

Coefficient  of Variation 0.459 Skewness 2.534

Shhapiro Wilk T Test Statistic 0.592

5% Sh hapiro Wilk C Critical Value 0.803 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.413

5%% Lilliefors C Critical Value 0.304 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 19.51 995% Adjustedd-CLT UCL ( Chen-1995) 21.34

95% Modifieed-t UCL (Johhnson-1978) 19.91

A-D T Test Statistic 1.253

5% A-D C Critical Value 0.709 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.384

5% K-S C Critical Value 0.312 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 8.11 k s star (bias corrrected MLE) 4.73

Thetta hat (MLE) 1.799 Theta s star (bias corrrected MLE) 3.086

nnu hat (MLE) 113.5 nu star (bia  s corrected) 66.21

MLLE Mean (bia  s corrected) 14.59 MLE Sd (bia  s corrected) 6.71

AApproximate  Chi Square V Value (0.05) 48.49

Adjusted Level of S Significance 0.0158 Adjusted Chi Sq quare Value 43.94
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955% Approximmate Gamma  UCL (use wh hen n>=50)) 19.93 95% Adjjusted Gammma UCL (use  when n<50) 21.99

Shhapiro Wilk T Test Statistic 0.673

5% Sh hapiro Wilk C Critical Value 0.803 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.361

5%% Lilliefors C Critical Value 0.304 Data Not L Lognormal at   5% Significaance Level

MMinimum of L Logged Data 2.371 Mean of l  logged Data 2.618

MMaximum of L Logged Data 3.388 SD of l  logged Data 0.349

95% H-UCL 20.12 90% C Chebyshev (M MVUE) UCL 20.16

95% C Chebyshev (M MVUE) UCL 22.75 97.5% C Chebyshev (M MVUE) UCL 26.35

99% C Chebyshev (M MVUE) UCL 33.42

95% CLT UCL 18.75 95% Jac ckknife UCL 19.51

95%  Standard Bootstrap UCL 18.42 95% Boottstrap-t UCL 39.89

955% Hall's Boootstrap UCL 40.98 95% P Percentile Boootstrap UCL 19.48

995% BCA Bootstrap UCL 21.93

90% Cheebyshev(Meaan, Sd) UCL 22.18 95% Cheebyshev(Meaan, Sd) UCL 25.62

97.5% Cheebyshev(Meaan, Sd) UCL 30.39 99% Cheebyshev(Meaan, Sd) UCL 39.77

95% Studdent's-t UCL 19.51 or 95% Modified-t UCL 19.91

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 8 Number r of Distinct O Observations 7

Number  of Missing O Observations 0

Minimum 0.463 Mean 40.01

Maximum 156.2 Median 1.637

SD 71.69 Std. Er rror of Mean 25.35

Coefficient  of Variation 1.792 Skewness 1.44
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Shhapiro Wilk T Test Statistic 0.575

5% Sh hapiro Wilk C Critical Value 0.818 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.45

5%% Lilliefors C Critical Value 0.283 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 88.03 995% Adjustedd-CLT UCL ( Chen-1995) 95.48

95% Modifieed-t UCL (Johhnson-1978) 90.18

A-D T Test Statistic 1.288

5% A-D C Critical Value 0.8 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.407

5% K-S C Critical Value 0.317 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 0.292 k s star (bias corrrected MLE) 0.266

Thetta hat (MLE) 137.2 Theta s star (bias corrrected MLE) 150.6

nnu hat (MLE) 4.666 nu star (bia  s corrected) 4.25

MLLE Mean (bia  s corrected) 40.01 MLE Sd (bia  s corrected) 77.63

AApproximate  Chi Square V Value (0.05) 0.823

Adjusted Level of S Significance 0.0195 Adjusted Chi Sq quare Value 0.513

955% Approximmate Gamma  UCL (use wh hen n>=50)) 206.6 95% Adjjusted Gammma UCL (use  when n<50) 331.3

Shhapiro Wilk T Test Statistic 0.765

5% Sh hapiro Wilk C Critical Value 0.818 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.32

5%% Lilliefors C Critical Value 0.283 Data Not L Lognormal at   5% Significaance Level

MMinimum of L Logged Data -0.77 Mean of l  logged Data 1.314

MMaximum of L Logged Data 5.051 SD of l  logged Data 2.378

95% H-UCL 41162 90% C Chebyshev (M MVUE) UCL 93.71

95% C Chebyshev (M MVUE) UCL 123.3 97.5% C Chebyshev (M MVUE) UCL 164.4

99% C Chebyshev (M MVUE) UCL 245

95% CLT UCL 81.7 95% Jac ckknife UCL 88.03

95%  Standard Bootstrap UCL 79.66 95% Boottstrap-t UCL 3493

955% Hall's Boootstrap UCL 2358 95% P Percentile Boootstrap UCL 78.85
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995% BCA Bootstrap UCL 97.91

90% Cheebyshev(Meaan, Sd) UCL 116 95% Cheebyshev(Meaan, Sd) UCL 150.5

97.5% Cheebyshev(Meaan, Sd) UCL 198.3 99% Cheebyshev(Meaan, Sd) UCL 292.2

955% Hall's Boootstrap UCL 2358

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 7 Number r of Distinct O Observations 7

Number  of Missing O Observations 0

Minimum 0.397 Mean 6.936

Maximum 43.35 Median 0.819

SD 16.06 Std. Er rror of Mean 6.07

Coefficient  of Variation 2.315 Skewness 2.644

Shhapiro Wilk T Test Statistic 0.471

5% Sh hapiro Wilk C Critical Value 0.803 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.494

5%% Lilliefors C Critical Value 0.304 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 18.73 995% Adjustedd-CLT UCL ( Chen-1995) 23.4

95% Modifieed-t UCL (Johhnson-1978) 19.74

A-D T Test Statistic 1.572

5% A-D C Critical Value 0.765 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.474

5% K-S C Critical Value 0.331 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 0.414 k s star (bias corrrected MLE) 0.332



A B C D E F G H I J K L

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

Thetta hat (MLE) 16.74 Theta s star (bias corrrected MLE) 20.89

nnu hat (MLE) 5.802 nu star (bia  s corrected) 4.649

MLLE Mean (bia  s corrected) 6.936 MLE Sd (bia  s corrected) 12.04

AApproximate  Chi Square V Value (0.05) 0.994

Adjusted Level of S Significance 0.0158 Adjusted Chi Sq quare Value 0.58

955% Approximmate Gamma  UCL (use wh hen n>=50)) 32.45 95% Adjjusted Gammma UCL (use  when n<50) 55.55

Shhapiro Wilk T Test Statistic 0.69

5% Sh hapiro Wilk C Critical Value 0.803 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.38

5%% Lilliefors C Critical Value 0.304 Data Not L Lognormal at   5% Significaance Level

MMinimum of L Logged Data -0.924 Mean of l  logged Data 0.358

MMaximum of L Logged Data 3.769 SD of l  logged Data 1.553

95% H-UCL 141.5 90% C Chebyshev (M MVUE) UCL 9.802

95% C Chebyshev (M MVUE) UCL 12.6 97.5% C Chebyshev (M MVUE) UCL 16.49

99% C Chebyshev (M MVUE) UCL 24.13

95% CLT UCL 16.92 95% Jac ckknife UCL 18.73

95%  Standard Bootstrap UCL 16.04 95% Boottstrap-t UCL 442.4

955% Hall's Boootstrap UCL 252.7 95% P Percentile Boootstrap UCL 19.03

995% BCA Bootstrap UCL 25.05

90% Cheebyshev(Meaan, Sd) UCL 25.15 95% Cheebyshev(Meaan, Sd) UCL 33.39

97.5% Cheebyshev(Meaan, Sd) UCL 44.84 99% Cheebyshev(Meaan, Sd) UCL 67.33

955% Hall's Boootstrap UCL 252.7

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.
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User Seleccted Options

Datee/Time of Co omputation ProUCL 5.133/29/2017 12 2:00:38 AM

From File IRVING Soil  - 0-10 ProUCCL_a.xls

Full  Precision OFF

CConfidence C Coefficient 95%

Number o   f Bootstrap O Operations 2000

Total  Number of O Observations 41 Number r of Distinct O Observations 41

Number  of Missing O Observations 0

Minimum 9.025 Mean 12.71

Maximum 18.25 Median 12.81

SD 2.094 Std. Er rror of Mean 0.327

Coefficient  of Variation 0.165 Skewness 0.443

Shhapiro Wilk T Test Statistic 0.971

5% Sh hapiro Wilk C Critical Value 0.941 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.0899

5%% Lilliefors C Critical Value 0.137 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 13.26 995% Adjustedd-CLT UCL ( Chen-1995) 13.27

95% Modifieed-t UCL (Johhnson-1978) 13.27

A-D T Test Statistic 0.304

5% A-D C Critical Value 0.746 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.0845

5% K-S C Critical Value 0.138 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 38.5 k s star (bias corrrected MLE) 35.7

Thetta hat (MLE) 0.33 Theta s star (bias corrrected MLE) 0.356

nnu hat (MLE) 3157 nu star (bia  s corrected) 2927

MLLE Mean (bia  s corrected) 12.71 MLE Sd (bia  s corrected) 2.128

AApproximate  Chi Square V Value (0.05) 2803

Adjusted Level of S Significance 0.0441 Adjusted Chi Sq quare Value 2798

955% Approximmate Gamma  UCL (use wh hen n>=50)) 13.28 95% Adjjusted Gammma UCL (use  when n<50) 13.3

Shhapiro Wilk T Test Statistic 0.98

5% Sh hapiro Wilk C Critical Value 0.941 Data appear r Lognormal a at 5% Significcance Level
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Lilliefors T Test Statistic 0.0777

5%% Lilliefors C Critical Value 0.137 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 2.2 Mean of l  logged Data 2.53

MMaximum of L Logged Data 2.904 SD of l  logged Data 0.163

95% H-UCL 13.29 90% C Chebyshev (M MVUE) UCL 13.69

95% C Chebyshev (M MVUE) UCL 14.13 97.5% C Chebyshev (M MVUE) UCL 14.75

99% C Chebyshev (M MVUE) UCL 15.95

95% CLT UCL 13.25 95% Jac ckknife UCL 13.26

95%  Standard Bootstrap UCL 13.25 95% Boottstrap-t UCL 13.28

955% Hall's Boootstrap UCL 13.3 95% P Percentile Boootstrap UCL 13.24

995% BCA Bootstrap UCL 13.27

90% Cheebyshev(Meaan, Sd) UCL 13.69 95% Cheebyshev(Meaan, Sd) UCL 14.14

97.5% Cheebyshev(Meaan, Sd) UCL 14.75 99% Cheebyshev(Meaan, Sd) UCL 15.97

95% Studdent's-t UCL 13.26

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 41 Number r of Distinct O Observations 41

Number  of Missing O Observations 0

Minimum 0.411 Mean 6.108

Maximum 209.9 Median 0.914

SD 32.63 Std. Er rror of Mean 5.096

Coefficient  of Variation 5.342 Skewness 6.401

Shhapiro Wilk T Test Statistic 0.168

5% Sh hapiro Wilk C Critical Value 0.941 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.512

5%% Lilliefors C Critical Value 0.137 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 14.69 995% Adjustedd-CLT UCL ( Chen-1995) 19.93
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95% Modifieed-t UCL (Johhnson-1978) 15.54

A-D T Test Statistic 12.54

5% A-D C Critical Value 0.841 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.463

5% K-S C Critical Value 0.148 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 0.379 k s star (bias corrrected MLE) 0.367

Thetta hat (MLE) 16.13 Theta s star (bias corrrected MLE) 16.63

nnu hat (MLE) 31.05 nu star (bia  s corrected) 30.11

MLLE Mean (bia  s corrected) 6.108 MLE Sd (bia  s corrected) 10.08

AApproximate  Chi Square V Value (0.05) 18.58

Adjusted Level of S Significance 0.0441 Adjusted Chi Sq quare Value 18.25

955% Approximmate Gamma  UCL (use wh hen n>=50)) 9.899 95% Adjjusted Gammma UCL (use  when n<50) 10.08

Shhapiro Wilk T Test Statistic 0.526

5% Sh hapiro Wilk C Critical Value 0.941 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.29

5%% Lilliefors C Critical Value 0.137 Data Not L Lognormal at   5% Significaance Level

MMinimum of L Logged Data -0.89 Mean of l  logged Data 0.0565

MMaximum of L Logged Data 5.347 SD of l  logged Data 0.933

95% H-UCL 2.29 90% C Chebyshev (M MVUE) UCL 2.421

95% C Chebyshev (M MVUE) UCL 2.788 97.5% C Chebyshev (M MVUE) UCL 3.297

99% C Chebyshev (M MVUE) UCL 4.297

95% CLT UCL 14.49 95% Jac ckknife UCL 14.69

95%  Standard Bootstrap UCL 14.38 95% Boottstrap-t UCL 471.9

955% Hall's Boootstrap UCL 245.3 95% P Percentile Boootstrap UCL 16.3

995% BCA Bootstrap UCL 21.45

90% Cheebyshev(Meaan, Sd) UCL 21.4 95% Cheebyshev(Meaan, Sd) UCL 28.32

97.5% Cheebyshev(Meaan, Sd) UCL 37.93 99% Cheebyshev(Meaan, Sd) UCL 56.82

95% Cheebyshev (Meaan, Sd) UCL 28.32

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).
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Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 41 Number r of Distinct O Observations 41

Number  of Missing O Observations 0

Minimum 0.289 Mean 1.586

Maximum 38.65 Median 0.614

SD 5.94 Std. Er rror of Mean 0.928

Coefficient  of Variation 3.745 Skewness 6.378

Shhapiro Wilk T Test Statistic 0.185

5% Sh hapiro Wilk C Critical Value 0.941 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.478

5%% Lilliefors C Critical Value 0.137 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 3.148 995% Adjustedd-CLT UCL ( Chen-1995) 4.1

95% Modifieed-t UCL (Johhnson-1978) 3.302

A-D T Test Statistic 11.3

5% A-D C Critical Value 0.792 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.445

5% K-S C Critical Value 0.144 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 0.72 k s star (bias corrrected MLE) 0.684

Thetta hat (MLE) 2.203 Theta s star (bias corrrected MLE) 2.321

nnu hat (MLE) 59.03 nu star (bia  s corrected) 56.05

MLLE Mean (bia  s corrected) 1.586 MLE Sd (bia  s corrected) 1.919

AApproximate  Chi Square V Value (0.05) 39.84

Adjusted Level of S Significance 0.0441 Adjusted Chi Sq quare Value 39.34

955% Approximmate Gamma  UCL (use wh hen n>=50)) 2.232 95% Adjjusted Gammma UCL (use  when n<50) 2.26

Shhapiro Wilk T Test Statistic 0.505

5% Sh hapiro Wilk C Critical Value 0.941 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.316

5%% Lilliefors C Critical Value 0.137 Data Not L Lognormal at   5% Significaance Level

MMinimum of L Logged Data -1.243 Mean of l  logged Data -0.375

MMaximum of L Logged Data 3.654 SD of l  logged Data 0.716
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95% H-UCL 1.123 90% C Chebyshev (M MVUE) UCL 1.205

95% C Chebyshev (M MVUE) UCL 1.351 97.5% C Chebyshev (M MVUE) UCL 1.555

99% C Chebyshev (M MVUE) UCL 1.954

95% CLT UCL 3.112 95% Jac ckknife UCL 3.148

95%  Standard Bootstrap UCL 3.086 95% Boottstrap-t UCL 44.4

955% Hall's Boootstrap UCL 17.66 95% P Percentile Boootstrap UCL 3.437

995% BCA Bootstrap UCL 4.446

90% Cheebyshev(Meaan, Sd) UCL 4.37 95% Cheebyshev(Meaan, Sd) UCL 5.63

97.5% Cheebyshev(Meaan, Sd) UCL 7.38 99% Cheebyshev(Meaan, Sd) UCL 10.82

95% Cheebyshev (Meaan, Sd) UCL 5.63

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 41 Number r of Distinct O Observations 31

Numbe  er of Detects 1 Number of N Non-Detects 40

Nuumber of Disttinct Detects 1 Numbe  r of Distinct N Non-Detects 30
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User Seleccted Options

Datee/Time of Co omputation ProUCL 5.133/23/2017 11 :58:29 AM

From File Moffat Soil- 0 0-10 PROUCCL_a.xls

Full  Precision OFF

CConfidence C Coefficient 95%

Number o   f Bootstrap O Operations 2000

Total  Number of O Observations 73 Number r of Distinct O Observations 67

Number  of Missing O Observations 0

Minimum 0.339 Mean 3.201

Maximum 43.93 Median 1.414

SD 6.829 Std. Er rror of Mean 0.799

Coefficient  of Variation 2.133 Skewness 4.622

Shhapiro Wilk T Test Statistic 0.381

55% Shapiro W Wilk P Value 0 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.391

5%% Lilliefors C Critical Value 0.104 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 4.533 995% Adjustedd-CLT UCL ( Chen-1995) 4.978

95% Modifieed-t UCL (Johhnson-1978) 4.605

A-D T Test Statistic 8.52

5% A-D C Critical Value 0.786 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.296

5% K-S C Critical Value 0.108 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 0.891 k s star (bias corrrected MLE) 0.864

Thetta hat (MLE) 3.592 Theta s star (bias corrrected MLE) 3.706

nnu hat (MLE) 130.1 nu star (bia  s corrected) 126.1

MLLE Mean (bia  s corrected) 3.201 MLE Sd (bia  s corrected) 3.444

AApproximate  Chi Square V Value (0.05) 101.2

Adjusted Level of S Significance 0.0467 Adjusted Chi Sq quare Value 100.7

955% Approximmate Gamma  UCL (use wh hen n>=50)) 3.99 95% Adjjusted Gammma UCL (use  when n<50) 4.008

Shhapiro Wilk T Test Statistic 0.855

55% Shapiro W Wilk P Value 1.3453E-9 Data Not L Lognormal at   5% Significaance Level



A B C D E F G H I J K L

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

Lilliefors T Test Statistic 0.177

5%% Lilliefors C Critical Value 0.104 Data Not L Lognormal at   5% Significaance Level

MMinimum of L Logged Data -1.082 Mean of l  logged Data 0.507

MMaximum of L Logged Data 3.783 SD of l  logged Data 0.894

95% H-UCL 3.106 90% C Chebyshev (M MVUE) UCL 3.349

95% C Chebyshev (M MVUE) UCL 3.753 97.5% C Chebyshev (M MVUE) UCL 4.314

99% C Chebyshev (M MVUE) UCL 5.416

95% CLT UCL 4.516 95% Jac ckknife UCL 4.533

95%  Standard Bootstrap UCL 4.53 95% Boottstrap-t UCL 5.764

955% Hall's Boootstrap UCL 5.004 95% P Percentile Boootstrap UCL 4.689

995% BCA Bootstrap UCL 5.102

90% Cheebyshev(Meaan, Sd) UCL 5.599 95% Cheebyshev(Meaan, Sd) UCL 6.685

97.5% Cheebyshev(Meaan, Sd) UCL 8.192 99% Cheebyshev(Meaan, Sd) UCL 11.15

95% Cheebyshev (Meaan, Sd) UCL 6.685

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 73 Number r of Distinct O Observations 68

Number  of Missing O Observations 0

Minimum 0.382 Mean 1.633

Maximum 11 Median 1.246

SD 1.613 Std. Er rror of Mean 0.189

Coefficient  of Variation 0.987 Skewness 3.714

Shhapiro Wilk T Test Statistic 0.62

55% Shapiro W Wilk P Value 0 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.259

5%% Lilliefors C Critical Value 0.104 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 1.948 995% Adjustedd-CLT UCL ( Chen-1995) 2.031
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95% Modifieed-t UCL (Johhnson-1978) 1.961

A-D T Test Statistic 2.456

5% A-D C Critical Value 0.763 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.15

5% K-S C Critical Value 0.106 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 2.122 k s star (bias corrrected MLE) 2.043

Thetta hat (MLE) 0.77 Theta s star (bias corrrected MLE) 0.799

nnu hat (MLE) 309.7 nu star (bia  s corrected) 298.4

MLLE Mean (bia  s corrected) 1.633 MLE Sd (bia  s corrected) 1.142

AApproximate  Chi Square V Value (0.05) 259.3

Adjusted Level of S Significance 0.0467 Adjusted Chi Sq quare Value 258.6

955% Approximmate Gamma  UCL (use wh hen n>=50)) 1.879 95% Adjjusted Gammma UCL (use  when n<50) 1.884

Shhapiro Wilk T Test Statistic 0.953

55% Shapiro W Wilk P Value 0.0215 Data Not L Lognormal at   5% Significaance Level

Lilliefors T Test Statistic 0.0921

5%% Lilliefors C Critical Value 0.104 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data -0.962 Mean of l  logged Data 0.237

MMaximum of L Logged Data 2.398 SD of l  logged Data 0.651

95% H-UCL 1.818 90% C Chebyshev (M MVUE) UCL 1.948

95% C Chebyshev (M MVUE) UCL 2.123 97.5% C Chebyshev (M MVUE) UCL 2.367

99% C Chebyshev (M MVUE) UCL 2.846

95% CLT UCL 1.944 95% Jac ckknife UCL 1.948

95%  Standard Bootstrap UCL 1.943 95% Boottstrap-t UCL 2.134

955% Hall's Boootstrap UCL 2.214 95% P Percentile Boootstrap UCL 1.956

995% BCA Bootstrap UCL 2.041

90% Cheebyshev(Meaan, Sd) UCL 2.199 95% Cheebyshev(Meaan, Sd) UCL 2.456

97.5% Cheebyshev(Meaan, Sd) UCL 2.812 99% Cheebyshev(Meaan, Sd) UCL 3.511

95% H-UCL 1.818

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).
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Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 73 Number r of Distinct O Observations 68

Number  of Missing O Observations 0

Minimum 6.463 Mean 12.5

Maximum 18.29 Median 12.26

SD 2.338 Std. Er rror of Mean 0.274

Coefficient  of Variation 0.187 Skewness 0.0982

Shhapiro Wilk T Test Statistic 0.974

55% Shapiro W Wilk P Value 0.374 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.0901

5%% Lilliefors C Critical Value 0.104 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 12.96 995% Adjustedd-CLT UCL ( Chen-1995) 12.95

95% Modifieed-t UCL (Johhnson-1978) 12.96

A-D T Test Statistic 0.755

5% A-D C Critical Value 0.749 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.107

5% K-S C Critical Value 0.104 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 27.71 k s star (bias corrrected MLE) 26.58

Thetta hat (MLE) 0.451 Theta s star (bias corrrected MLE) 0.47

nnu hat (MLE) 4046 nu star (bia  s corrected) 3881

MLLE Mean (bia  s corrected) 12.5 MLE Sd (bia  s corrected) 2.425

AApproximate  Chi Square V Value (0.05) 3738

Adjusted Level of S Significance 0.0467 Adjusted Chi Sq quare Value 3735

955% Approximmate Gamma  UCL (use wh hen n>=50)) 12.98 95% Adjjusted Gammma UCL (use  when n<50) 12.99

Shhapiro Wilk T Test Statistic 0.959

55% Shapiro W Wilk P Value 0.0571 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.12

5%% Lilliefors C Critical Value 0.104 Data Not L Lognormal at   5% Significaance Level
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213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

MMinimum of L Logged Data 1.866 Mean of l  logged Data 2.508

MMaximum of L Logged Data 2.906 SD of l  logged Data 0.196

95% H-UCL 13.01 90% C Chebyshev (M MVUE) UCL 13.38

95% C Chebyshev (M MVUE) UCL 13.77 97.5% C Chebyshev (M MVUE) UCL 14.31

99% C Chebyshev (M MVUE) UCL 15.38

95% CLT UCL 12.95 95% Jac ckknife UCL 12.96

95%  Standard Bootstrap UCL 12.93 95% Boottstrap-t UCL 12.94

955% Hall's Boootstrap UCL 12.97 95% P Percentile Boootstrap UCL 12.96

995% BCA Bootstrap UCL 12.97

90% Cheebyshev(Meaan, Sd) UCL 13.32 95% Cheebyshev(Meaan, Sd) UCL 13.69

97.5% Cheebyshev(Meaan, Sd) UCL 14.21 99% Cheebyshev(Meaan, Sd) UCL 15.22

95% Studdent's-t UCL 12.96

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 7 Number r of Distinct O Observations 7

Number  of Missing O Observations 0

Minimum 1.378 Mean 10.35

Maximum 41.52 Median 3.454

SD 14.69 Std. Er rror of Mean 5.551

Coefficient  of Variation 1.42 Skewness 2.064

Shhapiro Wilk T Test Statistic 0.701

5% Sh hapiro Wilk C Critical Value 0.803 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.301

5%% Lilliefors C Critical Value 0.304 Data appear Normal at   5% Significaance Level
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266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

95% Studdent's-t UCL 21.13 995% Adjustedd-CLT UCL ( Chen-1995) 24.1

95% Modifieed-t UCL (Johhnson-1978) 21.85

A-D T Test Statistic 0.532

5% A-D C Critical Value 0.736 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.229

5% K-S C Critical Value 0.322 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 0.766 k s star (bias corrrected MLE) 0.533

Thetta hat (MLE) 13.5 Theta s star (bias corrrected MLE) 19.4

nnu hat (MLE) 10.73 nu star (bia  s corrected) 7.465

MLLE Mean (bia  s corrected) 10.35 MLE Sd (bia  s corrected) 14.17

AApproximate  Chi Square V Value (0.05) 2.429

Adjusted Level of S Significance 0.0158 Adjusted Chi Sq quare Value 1.654

955% Approximmate Gamma  UCL (use wh hen n>=50)) 31.79 95% Adjjusted Gammma UCL (use  when n<50) 46.7

Shhapiro Wilk T Test Statistic 0.889

5% Sh hapiro Wilk C Critical Value 0.803 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.22

5%% Lilliefors C Critical Value 0.304 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 0.321 Mean of l  logged Data 1.558

MMaximum of L Logged Data 3.726 SD of l  logged Data 1.318

95% H-UCL 136.5 90% C Chebyshev (M MVUE) UCL 23.38

95% C Chebyshev (M MVUE) UCL 29.69 97.5% C Chebyshev (M MVUE) UCL 38.46

99% C Chebyshev (M MVUE) UCL 55.69

95% CLT UCL 19.48 95% Jac ckknife UCL 21.13

95%  Standard Bootstrap UCL 18.86 95% Boottstrap-t UCL 62.78

955% Hall's Boootstrap UCL 62.6 95% P Percentile Boootstrap UCL 20.01

995% BCA Bootstrap UCL 23.53

90% Cheebyshev(Meaan, Sd) UCL 27 95% Cheebyshev(Meaan, Sd) UCL 34.54

97.5% Cheebyshev(Meaan, Sd) UCL 45.01 99% Cheebyshev(Meaan, Sd) UCL 65.58

95% Studdent's-t UCL 21.13
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319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

When a da ata set followws an approxiimate (e.g., n normal) distribbution passinng one of the  GOF test

When appliccable, it is su uggested to u use a UCL ba ased upon a   distribution ( e.g., gamma  ) passing bot th GOF tests s in ProUCL

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 7 Number r of Distinct O Observations 7

Number  of Missing O Observations 0

Minimum 0.969 Mean 2.412

Maximum 5.692 Median 2.087

SD 1.709 Std. Er rror of Mean 0.646

Coefficient  of Variation 0.709 Skewness 1.285

Shhapiro Wilk T Test Statistic 0.842

5% Sh hapiro Wilk C Critical Value 0.803 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.217

5%% Lilliefors C Critical Value 0.304 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 3.668 995% Adjustedd-CLT UCL ( Chen-1995) 3.81

95% Modifieed-t UCL (Johhnson-1978) 3.72

A-D T Test Statistic 0.45

5% A-D C Critical Value 0.713 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.262

5% K-S C Critical Value 0.314 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 2.595 k s star (bias corrrected MLE) 1.578

Thetta hat (MLE) 0.93 Theta s star (bias corrrected MLE) 1.529

nnu hat (MLE) 36.32 nu star (bia  s corrected) 22.09

MLLE Mean (bia  s corrected) 2.412 MLE Sd (bia  s corrected) 1.92

AApproximate  Chi Square V Value (0.05) 12.41

Adjusted Level of S Significance 0.0158 Adjusted Chi Sq quare Value 10.29

955% Approximmate Gamma  UCL (use wh hen n>=50)) 4.295 95% Adjjusted Gammma UCL (use  when n<50) 5.181
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372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

Shhapiro Wilk T Test Statistic 0.885

5% Sh hapiro Wilk C Critical Value 0.803 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.25

5%% Lilliefors C Critical Value 0.304 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data -0.0315 Mean of l  logged Data 0.676

MMaximum of L Logged Data 1.739 SD of l  logged Data 0.688

95% H-UCL 5.581 90% C Chebyshev (M MVUE) UCL 4.276

95% C Chebyshev (M MVUE) UCL 5.128 97.5% C Chebyshev (M MVUE) UCL 6.31

99% C Chebyshev (M MVUE) UCL 8.633

95% CLT UCL 3.475 95% Jac ckknife UCL 3.668

95%  Standard Bootstrap UCL 3.399 95% Boottstrap-t UCL 4.387

955% Hall's Boootstrap UCL 4.404 95% P Percentile Boootstrap UCL 3.483

995% BCA Bootstrap UCL 3.541

90% Cheebyshev(Meaan, Sd) UCL 4.35 95% Cheebyshev(Meaan, Sd) UCL 5.228

97.5% Cheebyshev(Meaan, Sd) UCL 6.447 99% Cheebyshev(Meaan, Sd) UCL 8.84

95% Studdent's-t UCL 3.668

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 7 Number r of Distinct O Observations 7

Numbe  er of Detects 6 Number of N Non-Detects 1

Nuumber of Disttinct Detects 6 Numbe  r of Distinct N Non-Detects 1

Minimmum Detect 0.132 Minimum  Non-Detect 0.736

Maximmum Detect 2.107 Maximum  Non-Detect 0.736

Variance Detects 0.544 Percent N Non-Detects 14.29%

Meean Detects 0.685 SD Detects 0.737

Meddian Detects 0.352 CV Detects 1.076

Skewnness Detects 1.932 Kurtoosis Detects 3.75

Mean of Loggged Detects -0.782 SD of Loggged Detects 0.955
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425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

Shhapiro Wilk T Test Statistic 0.747

5% Sh hapiro Wilk C Critical Value 0.788 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.335

5%% Lilliefors C Critical Value 0.325 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 0.628 KM M Standard Er rror of Mean 0.265

KM SD 0.64 95% KM  (BCA) UCL 1.091

95%  KM (t) UCL 1.144 95% KM (Pe ercentile Boootstrap) UCL 1.066

95%  KM (z) UCL 1.065 995% KM Boottstrap t UCL 2.923

990% KM Chebbyshev UCL 1.424 995% KM Chebbyshev UCL 1.785

97.5% KM Chebbyshev UCL 2.285 999% KM Chebbyshev UCL 3.268

A-D T Test Statistic 0.458

5% A-D C Critical Value 0.71 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.312

5% K-S C Critical Value 0.338 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 1.381 k s star (bias corrrected MLE) 0.802

Thetta hat (MLE) 0.496 Theta s star (bias corrrected MLE) 0.855

nnu hat (MLE) 16.57 nu star (bia  s corrected) 9.62

Mean (detects) 0.685

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.132 Mean 0.624

Maximum 2.107 Median 0.339

SD 0.692 CV 1.109

k hat (MLE) 1.418 k s star (bias corrrected MLE) 0.906

Thetta hat (MLE) 0.44 Theta s star (bias corrrected MLE) 0.689

nnu hat (MLE) 19.85 nu star (bia  s corrected) 12.68

Adjusted  Level of Signnificance (β) 0.0158

Apprroximate Chi  Square Valuue (12.68, α) 5.677 AAdjusted Chi  Square Valuue (12.68, β) 4.346

995% Gamma  Approximate e UCL (use w when n>=50) 1.394 95% Gamma Adjusteed UCL (use  when n<50) 1.821

Mean (KM) 0.628 SD (KM) 0.64

Vaariance (KM) 0.409 SE of  f Mean (KM) 0.265

k hat (KM) 0.965 k star (KM) 0.647

nu hat (KM) 13.51 nnu star (KM) 9.051

theeta hat (KM) 0.651 theeta star (KM) 0.972

80% % gamma perccentile (KM) 1.035 90% % gamma perccentile (KM) 1.606



A B C D E F G H I J K L

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

95% % gamma perccentile (KM) 2.201 99% % gamma perccentile (KM) 3.628

Appproximate Ch   hi Square Value (9.05, α) 3.358 Adjusted Ch   hi Square Value (9.05, β) 2.4

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 1.693 95% Gamma a Adjusted K M-UCL (use  when n<50) 2.369

Shhapiro Wilk T Test Statistic 0.942

5% Sh hapiro Wilk C Critical Value 0.788 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.26

5%% Lilliefors C Critical Value 0.325 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 0.628 Mean i   n Log Scale -0.85

SD in Or riginal Scale 0.69 SD i   n Log Scale 0.89

95% t U  UCL (assumes s normality o   of ROS data) 1.135 95% P Percentile Boootstrap UCL 1.063

995% BCA Bootstrap UCL 1.211 95% Boottstrap t UCL 3.565

95% H-UCL L (Log ROS) 2.181

KM Me ean (logged) -0.859 KM M Geo Mean 0.424

KM S SD (logged) 0.843 95% C Critical H Valuue (KM-Log) 3.268

KM Standar  d Error of Me ean (logged) 0.356 95% H-UCL (KM -Log) 1.863

KM S SD (logged) 0.843 95% C Critical H Valuue (KM-Log) 3.268

KM Standar  d Error of Me ean (logged) 0.356

Mean in Or riginal Scale 0.64 Mean i   n Log Scale -0.813

SD in Or riginal Scale 0.684 SD i   n Log Scale 0.876

95% t U  UCL (Assumees normality) 1.142 95%  H-Stat UCL 2.159

995% KM Boottstrap t UCL 2.923 a Adjusted KM M-UCL (use w when k<=1 a nd 15 < n < 5  50 but k<=1) 2.369

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 7 Number r of Distinct O Observations 7

Numbe  er of Detects 6 Number of N Non-Detects 1

Nuumber of Disttinct Detects 6 Numbe  r of Distinct N Non-Detects 1

Minimmum Detect 0.243 Minimum  Non-Detect 0.734

Maximmum Detect 1.49 Maximum  Non-Detect 0.734
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531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

Variance Detects 0.236 Percent N Non-Detects 14.29%

Meean Detects 0.537 SD Detects 0.486

Meddian Detects 0.304 CV Detects 0.905

Skewnness Detects 2.08 Kurtoosis Detects 4.334

Mean of Loggged Detects -0.867 SD of Loggged Detects 0.701

Shhapiro Wilk T Test Statistic 0.686

5% Sh hapiro Wilk C Critical Value 0.788 DDetected Data a Not Norma  l at 5% Significance Leveel

Lilliefors T Test Statistic 0.342

5%% Lilliefors C Critical Value 0.325 DDetected Data a Not Norma  l at 5% Significance Leveel

KM Mean 0.51 KM M Standard Er rror of Mean 0.175

KM SD 0.419 95% KM  (BCA) UCL 0.801

95%  KM (t) UCL 0.85 95% KM (Pe ercentile Boootstrap) UCL 0.805

95%  KM (z) UCL 0.798 995% KM Boottstrap t UCL 3.922

990% KM Chebbyshev UCL 1.035 995% KM Chebbyshev UCL 1.273

97.5% KM Chebbyshev UCL 1.603 999% KM Chebbyshev UCL 2.252

A-D T Test Statistic 0.77

5% A-D C Critical Value 0.704 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

K-S T Test Statistic 0.353

5% K-S C Critical Value 0.336 Detecteed Data Not G Gamma Distrributed at 5% % Significance e Level

k hat (MLE) 2.19 k s star (bias corrrected MLE) 1.206

Thetta hat (MLE) 0.245 Theta s star (bias corrrected MLE) 0.445

nnu hat (MLE) 26.27 nu star (bia  s corrected) 14.47

Mean (detects) 0.537

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.243 Mean 0.511

Maximum 1.49 Median 0.316

SD 0.449 CV 0.879

k hat (MLE) 2.426 k s star (bias corrrected MLE) 1.481

Thetta hat (MLE) 0.211 Theta s star (bias corrrected MLE) 0.345

nnu hat (MLE) 33.96 nu star (bia  s corrected) 20.74

Adjusted  Level of Signnificance (β) 0.0158

Apprroximate Chi  Square Valuue (20.74, α) 11.4 AAdjusted Chi  Square Valuue (20.74, β) 9.38
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584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

995% Gamma  Approximate e UCL (use w when n>=50) 0.929 95% Gamma Adjusteed UCL (use  when n<50) 1.129

Mean (KM) 0.51 SD (KM) 0.419

Vaariance (KM) 0.176 SE of  f Mean (KM) 0.175

k hat (KM) 1.479 k star (KM) 0.94

nu hat (KM) 20.7 nnu star (KM) 13.16

theeta hat (KM) 0.345 theeta star (KM) 0.542

80% % gamma perccentile (KM) 0.824 90% % gamma perccentile (KM) 1.192

95% % gamma perccentile (KM) 1.561 99% % gamma perccentile (KM) 2.422

Apprroximate Chi  Square Valuue (13.16, α) 6.002 AAdjusted Chi  Square Valuue (13.16, β) 4.624

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 1.118 95% Gamma a Adjusted K M-UCL (use  when n<50) 1.451

Shhapiro Wilk T Test Statistic 0.802

5% Sh hapiro Wilk C Critical Value 0.788 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.324

5%% Lilliefors C Critical Value 0.325 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 0.51 Mean i   n Log Scale -0.893

SD in Or riginal Scale 0.449 SD i   n Log Scale 0.643

95% t U  UCL (assumes s normality o   of ROS data) 0.84 95% P Percentile Boootstrap UCL 0.802

995% BCA Bootstrap UCL 0.978 95% Boottstrap t UCL 3.13

95% H-UCL L (Log ROS) 1.043

KM Me ean (logged) -0.903 KM M Geo Mean 0.405

KM S SD (logged) 0.612 95% C Critical H Valuue (KM-Log) 2.698

KM Standar  d Error of Me ean (logged) 0.259 95% H-UCL (KM -Log) 0.958

KM S SD (logged) 0.612 95% C Critical H Valuue (KM-Log) 2.698

KM Standar  d Error of Me ean (logged) 0.259

Mean in Or riginal Scale 0.513 Mean i   n Log Scale -0.886

SD in Or riginal Scale 0.448 SD i   n Log Scale 0.642

95% t U  UCL (Assumees normality) 0.842 95%  H-Stat UCL 1.046

KM H-UCL 0.958

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.
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1

2

3

4

5

6
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8
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43
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52

53

User Seleccted Options

Datee/Time of Co omputation ProUCL 5.199/12/2016 9:4 46:22 AM

From File GW COC.xlss

Full  Precision OFF

CConfidence C Coefficient 95%

Number o   f Bootstrap O Operations 2000

Total  Number of O Observations 10 Number r of Distinct O Observations 9

Numbe  er of Detects 7 Number of N Non-Detects 3

Nuumber of Disttinct Detects 7 Numbe  r of Distinct N Non-Detects 2

Minimmum Detect 1.5 Minimum  Non-Detect 5

Maximmum Detect 3.5 Maximum  Non-Detect 10

Variance Detects 0.527 Percent N Non-Detects 30%

Meean Detects 2.4 SD Detects 0.726

Meddian Detects 2.3 CV Detects 0.302

Skewnness Detects 0.198 Kurtoosis Detects -0.909

Mean of Loggged Detects 0.834 SD of Loggged Detects 0.313

Shhapiro Wilk T Test Statistic 0.959

5% Sh hapiro Wilk C Critical Value 0.803 Deetected Data a appear Normmal at 5% Significance Levvel

Lilliefors T Test Statistic 0.151

5%% Lilliefors C Critical Value 0.304 Deetected Data a appear Normmal at 5% Significance Levvel

KM Mean 2.4 KM M Standard Er rror of Mean 0.274

KM SD 0.672 95% KM  (BCA) UCL 2.833

95%  KM (t) UCL 2.903 95% KM (Pe ercentile Boootstrap) UCL 2.817

95%  KM (z) UCL 2.851 995% KM Boottstrap t UCL 2.995

990% KM Chebbyshev UCL 3.223 995% KM Chebbyshev UCL 3.596

97.5% KM Chebbyshev UCL 4.113 999% KM Chebbyshev UCL 5.129

A-D T Test Statistic 0.234

5% A-D C Critical Value 0.708 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.178

5% K-S C Critical Value 0.312 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 12.37 k s star (bias corrrected MLE) 7.162

Thetta hat (MLE) 0.194 Theta s star (bias corrrected MLE) 0.335

nnu hat (MLE) 173.1 nu star (bia  s corrected) 100.3

Mean (detects) 2.4

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs
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54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 1.5 Mean 2.389

Maximum 3.5 Median 2.327

SD 0.621 CV 0.26

k hat (MLE) 16.07 k s star (bias corrrected MLE) 11.31

Thetta hat (MLE) 0.149 Theta s star (bias corrrected MLE) 0.211

nnu hat (MLE) 321.3 nu star (bia  s corrected) 226.3

Adjusted  Level of Signnificance (β) 0.0267

Approoximate Chi S Square Value e (226.25, α) 192.4 Addjusted Chi S Square Value e (226.25, β) 187

995% Gamma  Approximate e UCL (use w when n>=50) 2.809 95% Gamma Adjusteed UCL (use  when n<50) 2.891

Mean (KM) 2.4 SD (KM) 0.672

Vaariance (KM) 0.451 SE of  f Mean (KM) 0.274

k hat (KM) 12.76 k star (KM) 8.998

nu hat (KM) 255.2 nnu star (KM) 180

theeta hat (KM) 0.188 theeta star (KM) 0.267

80% % gamma perccentile (KM) 3.035 90% % gamma perccentile (KM) 3.465

95% % gamma perccentile (KM) 3.849 99% % gamma perccentile (KM) 4.641

Approoximate Chi S Square Value e (179.97, α) 149.9 Addjusted Chi S Square Value e (179.97, β) 145.2

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 2.881 95% Gamma a Adjusted K M-UCL (use  when n<50) 2.975

Shhapiro Wilk T Test Statistic 0.948

5% Sh hapiro Wilk C Critical Value 0.803 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Lilliefors T Test Statistic 0.163

5%% Lilliefors C Critical Value 0.304 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 2.378 Mean i   n Log Scale 0.834

SD in Or riginal Scale 0.621 SD i   n Log Scale 0.268

95% t U  UCL (assumes s normality o   of ROS data) 2.738 95% P Percentile Boootstrap UCL 2.696

995% BCA Bootstrap UCL 2.698 95% Boottstrap t UCL 2.759

95% H-UCL L (Log ROS) 2.84

KM Me ean (logged) 0.834 KM M Geo Mean 2.304

KM S SD (logged) 0.29 95% C Critical H Valuue (KM-Log) 1.967

KM Standar  d Error of Me ean (logged) 0.118 95% H-UCL (KM -Log) 2.906

KM S SD (logged) 0.29 95% C Critical H Valuue (KM-Log) 1.967

KM Standar  d Error of Me ean (logged) 0.118

Mean in Or riginal Scale 2.93 Mean i   n Log Scale 0.998

SD in Or riginal Scale 1.242 SD i   n Log Scale 0.412

95% t U  UCL (Assumees normality) 3.65 95%  H-Stat UCL 3.943
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95%  KM (t) UCL 2.903

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 10 Number r of Distinct O Observations 10

Number  of Missing O Observations 0

Minimum 0.74 Mean 9.314

Maximum 25 Median 3.05

SD 9.722 Std. Er rror of Mean 3.074

Coefficient  of Variation 1.044 Skewness 0.67

Shhapiro Wilk T Test Statistic 0.789

5% Sh hapiro Wilk C Critical Value 0.842 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.329

5%% Lilliefors C Critical Value 0.262 Data Not t Normal at 5 % Significance Level

95% Studdent's-t UCL 14.95 995% Adjustedd-CLT UCL ( Chen-1995) 15.07

95% Modifieed-t UCL (Johhnson-1978) 15.06

A-D T Test Statistic 0.758

5% A-D C Critical Value 0.753 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.264

5% K-S C Critical Value 0.275 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 0.867 k s star (bias corrrected MLE) 0.674

Thetta hat (MLE) 10.74 Theta s star (bias corrrected MLE) 13.82

nnu hat (MLE) 17.35 nu star (bia  s corrected) 13.48

MLLE Mean (bia  s corrected) 9.314 MLE Sd (bia  s corrected) 11.35

AApproximate  Chi Square V Value (0.05) 6.215

Adjusted Level of S Significance 0.0267 Adjusted Chi Sq quare Value 5.382

995% Approximmate Gamma a UCL (use w when n>=50) 20.2 95% Adjjusted Gammma UCL (use  when n<50) 23.32
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160

161

162

163

164

165

166

167

168
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192
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194
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204
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208

209

210

211

212

Shhapiro Wilk T Test Statistic 0.882

5% Sh hapiro Wilk C Critical Value 0.842 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.224

5%% Lilliefors C Critical Value 0.262 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data -0.301 Mean of l  logged Data 1.554

MMaximum of L Logged Data 3.219 SD of l  logged Data 1.307

95% H-UCL 57.45 90% C Chebyshev (M MVUE) UCL 22.53

95% C Chebyshev (M MVUE) UCL 28.32 97.5% C Chebyshev (M MVUE) UCL 36.36

99% C Chebyshev (M MVUE) UCL 52.15

95% CLT UCL 14.37 95% Jac ckknife UCL 14.95

95%  Standard Bootstrap UCL 14.05 95% Boottstrap-t UCL 16.13

955% Hall's Boootstrap UCL 13.1 95% P Percentile Boootstrap UCL 14.23

995% BCA Bootstrap UCL 14.43

90% Cheebyshev(Meaan, Sd) UCL 18.54 95% Cheebyshev(Meaan, Sd) UCL 22.71

97.5% Cheebyshev(Meaan, Sd) UCL 28.51 99% Cheebyshev(Meaan, Sd) UCL 39.9

95% % Adjusted G Gamma UCL 23.32

When a da ata set followws an approxiimate (e.g., n normal) distribbution passinng one of the  GOF test

When appliccable, it is su uggested to u use a UCL ba ased upon a   distribution ( e.g., gamma  ) passing bot th GOF tests s in ProUCL

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 10 Number r of Distinct O Observations 10

Number  of Missing O Observations 0

Minimum 150 Mean 407

Maximum 930 Median 335

SD 243.6 Std. Er rror of Mean 77.03

Coefficient  of Variation 0.598 Skewness 1.125

Shhapiro Wilk T Test Statistic 0.902

5% Sh hapiro Wilk C Critical Value 0.842 Data appear Normal at   5% Significaance Level
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213
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248
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252

253
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256

257

258

259

260

261

262

263

264

265

Lilliefors T Test Statistic 0.177

5%% Lilliefors C Critical Value 0.262 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 548.2 995% Adjustedd-CLT UCL ( Chen-1995) 563

95% Modifieed-t UCL (Johhnson-1978) 552.8

A-D T Test Statistic 0.22

5% A-D C Critical Value 0.731 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.136

5% K-S C Critical Value 0.268 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 3.395 k s star (bias corrrected MLE) 2.443

Thetta hat (MLE) 119.9 Theta s star (bias corrrected MLE) 166.6

nnu hat (MLE) 67.9 nu star (bia  s corrected) 48.86

MLLE Mean (bia  s corrected) 407 MLE Sd (bia  s corrected) 260.4

AApproximate  Chi Square V Value (0.05) 33.82

Adjusted Level of S Significance 0.0267 Adjusted Chi Sq quare Value 31.65

955% Approximmate Gamma  UCL (use wh hen n>=50)) 588.1 95% Adjjusted Gammma UCL (use  when n<50) 628.3

Shhapiro Wilk T Test Statistic 0.972

5% Sh hapiro Wilk C Critical Value 0.842 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.129

5%% Lilliefors C Critical Value 0.262 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 5.011 Mean of l  logged Data 5.854

MMaximum of L Logged Data 6.835 SD of l  logged Data 0.586

95% H-UCL 654.7 90% C Chebyshev (M MVUE) UCL 637.2

95% C Chebyshev (M MVUE) UCL 741.9 97.5% C Chebyshev (M MVUE) UCL 887.1

99% C Chebyshev (M MVUE) UCL 1172

95% CLT UCL 533.7 95% Jac ckknife UCL 548.2

95%  Standard Bootstrap UCL 529.3 95% Boottstrap-t UCL 604.6

955% Hall's Boootstrap UCL 599.1 95% P Percentile Boootstrap UCL 528

995% BCA Bootstrap UCL 561

90% Cheebyshev(Meaan, Sd) UCL 638.1 95% Cheebyshev(Meaan, Sd) UCL 742.8

97.5% Cheebyshev(Meaan, Sd) UCL 888 99% Cheebyshev(Meaan, Sd) UCL 1173
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95% Studdent's-t UCL 548.2

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 10 Number r of Distinct O Observations 10

Number  of Missing O Observations 0

Minimum 1.9 Mean 4.38

Maximum 7.7 Median 4

SD 1.893 Std. Er rror of Mean 0.598

Coefficient  of Variation 0.432 Skewness 0.506

Shhapiro Wilk T Test Statistic 0.955

5% Sh hapiro Wilk C Critical Value 0.842 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.16

5%% Lilliefors C Critical Value 0.262 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 5.477 995% Adjustedd-CLT UCL ( Chen-1995) 5.467

95% Modifieed-t UCL (Johhnson-1978) 5.493

A-D T Test Statistic 0.171

5% A-D C Critical Value 0.729 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.126

5% K-S C Critical Value 0.267 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

k hat (MLE) 5.88 k s star (bias corrrected MLE) 4.183

Thetta hat (MLE) 0.745 Theta s star (bias corrrected MLE) 1.047

nnu hat (MLE) 117.6 nu star (bia  s corrected) 83.65

MLLE Mean (bia  s corrected) 4.38 MLE Sd (bia  s corrected) 2.142

AApproximate  Chi Square V Value (0.05) 63.57

Adjusted Level of S Significance 0.0267 Adjusted Chi Sq quare Value 60.54

955% Approximmate Gamma  UCL (use wh hen n>=50)) 5.763 95% Adjjusted Gammma UCL (use  when n<50) 6.052

Shhapiro Wilk T Test Statistic 0.977

5% Sh hapiro Wilk C Critical Value 0.842 Data appear r Lognormal a at 5% Significcance Level
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Lilliefors T Test Statistic 0.105

5%% Lilliefors C Critical Value 0.262 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data 0.642 Mean of l  logged Data 1.39

MMaximum of L Logged Data 2.041 SD of l  logged Data 0.448

95% H-UCL 6.115 90% C Chebyshev (M MVUE) UCL 6.281

95% C Chebyshev (M MVUE) UCL 7.138 97.5% C Chebyshev (M MVUE) UCL 8.328

99% C Chebyshev (M MVUE) UCL 10.66

95% CLT UCL 5.364 95% Jac ckknife UCL 5.477

95%  Standard Bootstrap UCL 5.323 95% Boottstrap-t UCL 5.596

955% Hall's Boootstrap UCL 5.416 95% P Percentile Boootstrap UCL 5.28

995% BCA Bootstrap UCL 5.41

90% Cheebyshev(Meaan, Sd) UCL 6.175 95% Cheebyshev(Meaan, Sd) UCL 6.989

97.5% Cheebyshev(Meaan, Sd) UCL 8.118 99% Cheebyshev(Meaan, Sd) UCL 10.33

95% Studdent's-t UCL 5.477

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 10 Number r of Distinct O Observations 4

Numbe  er of Detects 3 Number of N Non-Detects 7

Nuumber of Disttinct Detects 3 Numbe  r of Distinct N Non-Detects 1

Minimmum Detect 0.0022 Minimum  Non-Detect 0.015

Maximmum Detect 0.0025 Maximum  Non-Detect 0.015

Variance Detects 2.3333E-8 Percent N Non-Detects 70%

Meean Detects 0.00237 SD Detects 1.5275E-4

Meddian Detects 0.0024 CV Detects 0.0645

Skewnness Detects -0.935 Kurtoosis Detects N/A

Mean of Loggged Detects -6.048 SD of Loggged Detects 0.0653

Shhapiro Wilk T Test Statistic 0.964

5% Sh hapiro Wilk C Critical Value 0.767 Deetected Data a appear Normmal at 5% Significance Levvel
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Lilliefors T Test Statistic 0.253

5%% Lilliefors C Critical Value 0.425 Deetected Data a appear Normmal at 5% Significance Levvel

KM Mean 0.00237 KM M Standard Er rror of Mean 8.8192E-5

KM SD 1.2472E-4 95% KM  (BCA) UCL N/A

95%  KM (t) UCL 0.00253 95% KM (Pe ercentile Boootstrap) UCL N/A

95%  KM (z) UCL 0.00251 995% KM Boottstrap t UCL N/A

990% KM Chebbyshev UCL 0.00263 995% KM Chebbyshev UCL 0.00275

97.5% KM Chebbyshev UCL 0.00292 999% KM Chebbyshev UCL 0.00324

k hat (MLE) 354.7 k s star (bias corrrected MLE) N/A

Thetta hat (MLE) 6.6719E-6 Theta s star (bias corrrected MLE) N/A

nnu hat (MLE) 2128 nu star (bia  s corrected) N/A

Mean (detects) 0.00237

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.0022 Mean 0.00771

Maximum 0.01 Median 0.01

SD 0.00369 CV 0.478

k hat (MLE) 3.052 k s star (bias corrrected MLE) 2.203

Thetta hat (MLE) 0.00253 Theta s star (bias corrrected MLE) 0.0035

nnu hat (MLE) 61.04 nu star (bia  s corrected) 44.06

Adjusted  Level of Signnificance (β) 0.0267

Apprroximate Chi  Square Valuue (44.06, α) 29.84 AAdjusted Chi  Square Valuue (44.06, β) 27.82

995% Gamma  Approximate e UCL (use w when n>=50) 0.0114 95% Gamma Adjusteed UCL (use  when n<50) N/A

Mean (KM) 0.00237 SD (KM) 1.2472E-4

Vaariance (KM) 1.5556E-8 SE of  f Mean (KM) 8.8192E-5

k hat (KM) 360.1 k star (KM) 252.1

nu hat (KM) 7201 nnu star (KM) 5042

theeta hat (KM) 6.5728E-6 theeta star (KM) 9.3872E-6

80% % gamma perccentile (KM) 0.00249 90% % gamma perccentile (KM) 0.00256

95% % gamma perccentile (KM) 0.00262 99% % gamma perccentile (KM) 0.00273

Appproximate C hi Square Va alue (N/A, α) 4878 Adjusted C hi Square Va alue (N/A, β) 4850

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 0.00245 95% Gamma a Adjusted K M-UCL (use  when n<50) 0.00246

Shhapiro Wilk T Test Statistic 0.958

5% Sh hapiro Wilk C Critical Value 0.767 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel
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Lilliefors T Test Statistic 0.26

5%% Lilliefors C Critical Value 0.425 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 0.00237 Mean i   n Log Scale -6.048

SD in Or riginal Scale 1.6195E-4 SD i   n Log Scale 0.0685

95% t U  UCL (assumes s normality o   of ROS data) 0.00246 95% P Percentile Boootstrap UCL 0.00245

995% BCA Bootstrap UCL 0.00244 95% Boottstrap t UCL 0.00247

95% H-UCL L (Log ROS) N/A

KM Me ean (logged) -6.048 KM M Geo Mean 0.00236

KM S SD (logged) 0.0533 95% C Critical H Valuue (KM-Log) N/A

KM Standar  d Error of Me ean (logged) 0.0377 95% H-UCL (KM -Log) N/A

KM S SD (logged) 0.0533 95% C Critical H Valuue (KM-Log) N/A

KM Standar  d Error of Me ean (logged) 0.0377

Mean in Or riginal Scale 0.00596 Mean i   n Log Scale -5.239

SD in Or riginal Scale 0.00248 SD i   n Log Scale 0.559

95% t U  UCL (Assumees normality) 0.0074 95%  H-Stat UCL 0.00952

95%  KM (t) UCL 0.00253

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 10 Number r of Distinct O Observations 8

Number  of Missing O Observations 0

Minimum 0.0038 Mean 0.026

Maximum 0.14 Median 0.0135

SD 0.0407 Std. Er rror of Mean 0.0129

Coefficient  of Variation 1.564 Skewness 2.987

Shhapiro Wilk T Test Statistic 0.529

5% Sh hapiro Wilk C Critical Value 0.842 Data Not t Normal at 5 % Significance Level

Lilliefors T Test Statistic 0.39

5%% Lilliefors C Critical Value 0.262 Data Not t Normal at 5 % Significance Level



A B C D E F G H I J K L

478

479
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526

527
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529

530

95% Studdent's-t UCL 0.0496 995% Adjustedd-CLT UCL ( Chen-1995) 0.0601

95% Modifieed-t UCL (Johhnson-1978) 0.0516

A-D T Test Statistic 0.918

5% A-D C Critical Value 0.748 Daata Not Gammma Distributeed at 5% Signnificance Levvel

K-S T Test Statistic 0.281

5% K-S C Critical Value 0.274 Daata Not Gammma Distributeed at 5% Signnificance Levvel

k hat (MLE) 0.999 k s star (bias corrrected MLE) 0.766

Thetta hat (MLE) 0.026 Theta s star (bias corrrected MLE) 0.034

nnu hat (MLE) 19.97 nu star (bia  s corrected) 15.31

MLLE Mean (bia  s corrected) 0.026 MLE Sd (bia  s corrected) 0.0297

AApproximate  Chi Square V Value (0.05) 7.481

Adjusted Level of S Significance 0.0267 Adjusted Chi Sq quare Value 6.552

955% Approximmate Gamma  UCL (use wh hen n>=50)) 0.0532 95% Adjjusted Gammma UCL (use  when n<50) 0.0608

Shhapiro Wilk T Test Statistic 0.914

5% Sh hapiro Wilk C Critical Value 0.842 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.195

5%% Lilliefors C Critical Value 0.262 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data -5.573 Mean of l  logged Data -4.228

MMaximum of L Logged Data -1.966 SD of l  logged Data 0.993

95% H-UCL 0.0665 90% C Chebyshev (M MVUE) UCL 0.0445

95% C Chebyshev (M MVUE) UCL 0.0545 97.5% C Chebyshev (M MVUE) UCL 0.0684

99% C Chebyshev (M MVUE) UCL 0.0957

95% CLT UCL 0.0472 95% Jac ckknife UCL 0.0496

95%  Standard Bootstrap UCL 0.046 95% Boottstrap-t UCL 0.13

955% Hall's Boootstrap UCL 0.14 95% P Percentile Boootstrap UCL 0.0495

995% BCA Bootstrap UCL 0.0633

90% Cheebyshev(Meaan, Sd) UCL 0.0646 95% Cheebyshev(Meaan, Sd) UCL 0.0821

97.5% Cheebyshev(Meaan, Sd) UCL 0.106 99% Cheebyshev(Meaan, Sd) UCL 0.154
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531
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540
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549
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551
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583

95% H-UCL 0.0665

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 10 Number r of Distinct O Observations 2

Numbe  er of Detects 1 Number of N Non-Detects 9

Nuumber of Disttinct Detects 1 Numbe  r of Distinct N Non-Detects 1

Total  Number of O Observations 10 Number r of Distinct O Observations 9

Number  of Missing O Observations 0

Minimum 0.13 Mean 0.852

Maximum 2.4 Median 0.66

SD 0.651 Std. Er rror of Mean 0.206

Coefficient  of Variation 0.765 Skewness 1.575

Shhapiro Wilk T Test Statistic 0.862

5% Sh hapiro Wilk C Critical Value 0.842 Data appear Normal at   5% Significaance Level

Lilliefors T Test Statistic 0.21

5%% Lilliefors C Critical Value 0.262 Data appear Normal at   5% Significaance Level

95% Studdent's-t UCL 1.23 995% Adjustedd-CLT UCL ( Chen-1995) 1.3

95% Modifieed-t UCL (Johhnson-1978) 1.247

A-D T Test Statistic 0.198

5% A-D C Critical Value 0.736 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level

K-S T Test Statistic 0.134

5% K-S C Critical Value 0.27 Detected d data appea  r Gamma Dis stributed at 5 % Significancce Level
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584
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597
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605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

k hat (MLE) 2.009 k s star (bias corrrected MLE) 1.473

Thetta hat (MLE) 0.424 Theta s star (bias corrrected MLE) 0.578

nnu hat (MLE) 40.19 nu star (bia  s corrected) 29.46

MLLE Mean (bia  s corrected) 0.852 MLE Sd (bia  s corrected) 0.702

AApproximate  Chi Square V Value (0.05) 18.07

Adjusted Level of S Significance 0.0267 Adjusted Chi Sq quare Value 16.54

955% Approximmate Gamma  UCL (use wh hen n>=50)) 1.389 95% Adjjusted Gammma UCL (use  when n<50) 1.518

Shhapiro Wilk T Test Statistic 0.969

5% Sh hapiro Wilk C Critical Value 0.842 Data appear r Lognormal a at 5% Significcance Level

Lilliefors T Test Statistic 0.165

5%% Lilliefors C Critical Value 0.262 Data appear r Lognormal a at 5% Significcance Level

MMinimum of L Logged Data -2.04 Mean of l  logged Data -0.429

MMaximum of L Logged Data 0.875 SD of l  logged Data 0.82

95% H-UCL 1.932 90% C Chebyshev (M MVUE) UCL 1.581

95% C Chebyshev (M MVUE) UCL 1.901 97.5% C Chebyshev (M MVUE) UCL 2.346

99% C Chebyshev (M MVUE) UCL 3.219

95% CLT UCL 1.191 95% Jac ckknife UCL 1.23

95%  Standard Bootstrap UCL 1.173 95% Boottstrap-t UCL 1.433

955% Hall's Boootstrap UCL 2.691 95% P Percentile Boootstrap UCL 1.199

995% BCA Bootstrap UCL 1.272

90% Cheebyshev(Meaan, Sd) UCL 1.47 95% Cheebyshev(Meaan, Sd) UCL 1.75

97.5% Cheebyshev(Meaan, Sd) UCL 2.138 99% Cheebyshev(Meaan, Sd) UCL 2.901

95% Studdent's-t UCL 1.23

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 10 Number r of Distinct O Observations 3

Numbe  er of Detects 2 Number of N Non-Detects 8
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637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

688

689

Nuumber of Disttinct Detects 2 Numbe  r of Distinct N Non-Detects 1

Minimmum Detect 7.4000E-5 Minimum  Non-Detect 2.0000E-4

Maximmum Detect 7.5000E-5 Maximum  Non-Detect 2.0000E-4

Variance Detects 5.000E-13 Percent N Non-Detects 80%

Meean Detects 7.4500E-5 SD Detects 7.0711E-7

Meddian Detects 7.4500E-5 CV Detects N/A

Skewnness Detects N/A Kurtoosis Detects N/A

Mean of Loggged Detects -9.505 SD of Loggged Detects 0.00949

KM Mean 7.4500E-5 KM M Standard Er rror of Mean 5.0000E-7

KM SD 5.0000E-7 95% KM  (BCA) UCL N/A

95%  KM (t) UCL 7.5417E-5 95% KM (Pe ercentile Boootstrap) UCL N/A

95%  KM (z) UCL 7.5322E-5 995% KM Boottstrap t UCL N/A

990% KM Chebbyshev UCL 7.6000E-5 995% KM Chebbyshev UCL 7.6679E-5

97.5% KM Chebbyshev UCL 7.7622E-5 999% KM Chebbyshev UCL 7.9475E-5

k hat (MLE) 22201 k s star (bias corrrected MLE) N/A

Thetta hat (MLE) 3.3558E-9 Theta s star (bias corrrected MLE) N/A

nnu hat (MLE) 88803 nu star (bia  s corrected) N/A

Mean (detects) 7.4500E-5

Mean (KM) 7.4500E-5 SD (KM) 5.0000E-7

Vaariance (KM) 2.500E-13 SE of  f Mean (KM) 5.0000E-7

k hat (KM) 22201 k star (KM) 15541

nu hat (KM) 444020 nnu star (KM) 310815

theeta hat (KM) 3.3557E-9 theeta star (KM) 4.7938E-9

80% % gamma perccentile (KM) 7.5002E-5 90% % gamma perccentile (KM) 7.5267E-5

95% % gamma perccentile (KM) 7.5486E-5 99% % gamma perccentile (KM) 7.5897E-5

Adjusted  Level of Signnificance (β) 0.0267

Appproximate C hi Square Va alue (N/A, α) 309520 Adjusted C hi Square Va alue (N/A, β) 309294

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 7.4812E-5 95% Gamma a Adjusted K M-UCL (use  when n<50) 7.4866E-5

Mean in Or riginal Scale 7.4503E-5 Mean i   n Log Scale -9.505

SD in Or riginal Scale 8.5925E-7 SD i   n Log Scale 0.0115
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723
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731
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733

734

735

736

737

738

739

740

741

742

95% t U  UCL (assumes s normality o   of ROS data) 7.5001E-5 95% P Percentile Boootstrap UCL 7.4881E-5

995% BCA Bootstrap UCL 7.4919E-5 95% Boottstrap t UCL 7.4989E-5

95% H-UCL L (Log ROS) N/A

KM Me ean (logged) -9.505 KM M Geo Mean 7.4498E-5

KM S SD (logged) 0.00671 95% C Critical H Valuue (KM-Log) N/A

KM Standar  d Error of Me ean (logged) 0.00671 95% H-UCL (KM -Log) N/A

KM S SD (logged) 0.00671 95% C Critical H Valuue (KM-Log) N/A

KM Standar  d Error of Me ean (logged) 0.00671

Mean in Or riginal Scale 9.4900E-5 Mean i   n Log Scale -9.269

SD in Or riginal Scale 1.0754E-5 SD i   n Log Scale 0.124

95% t U  UCL (Assumees normality) 1.0113E-4 95%  H-Stat UCL 1.0244E-4

95%  KM (t) UCL 7.5417E-5 KM H-UCL N/A

95% KM  (BCA) UCL N/A

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.

Total  Number of O Observations 10 Number r of Distinct O Observations 4

Numbe  er of Detects 3 Number of N Non-Detects 7

Nuumber of Disttinct Detects 3 Numbe  r of Distinct N Non-Detects 1

Minimmum Detect 0.017 Minimum  Non-Detect 0.02

Maximmum Detect 0.032 Maximum  Non-Detect 0.02

Variance Detects 5.7000E-5 Percent N Non-Detects 70%

Meean Detects 0.025 SD Detects 0.00755

Meddian Detects 0.026 CV Detects 0.302

Skewnness Detects -0.586 Kurtoosis Detects N/A

Mean of Loggged Detects -3.722 SD of Loggged Detects 0.322

Shhapiro Wilk T Test Statistic 0.987

5% Sh hapiro Wilk C Critical Value 0.767 Deetected Data a appear Normmal at 5% Significance Levvel
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Lilliefors T Test Statistic 0.219

5%% Lilliefors C Critical Value 0.425 Deetected Data a appear Normmal at 5% Significance Levvel

KM Mean 0.0194 KM M Standard Er rror of Mean 0.00193

KM SD 0.00498 95% KM  (BCA) UCL N/A

95%  KM (t) UCL 0.0229 95% KM (Pe ercentile Boootstrap) UCL N/A

95%  KM (z) UCL 0.0226 995% KM Boottstrap t UCL N/A

990% KM Chebbyshev UCL 0.0252 995% KM Chebbyshev UCL 0.0278

97.5% KM Chebbyshev UCL 0.0315 999% KM Chebbyshev UCL 0.0386

k hat (MLE) 15.23 k s star (bias corrrected MLE) N/A

Thetta hat (MLE) 0.00164 Theta s star (bias corrrected MLE) N/A

nnu hat (MLE) 91.37 nu star (bia  s corrected) N/A

Mean (detects) 0.025

GROS may  not be used w when data se et has > 50% % NDs with m any tied obseervations at m multiple DLs

GROS may  not be used w when kstar o   of detects is s small such as  s <1.0, especcially when th he sample siz ze is small (e e.g., <15-20)

For r such situatioons, GROS m method may y yield incorrecct values of U UCLs and BT TVs

This is especiaally true whe  n the sample e size is small.

For gamma distributeed detected d data, BTVs an nd UCLs may y be computeed using gammma distributtion on KM e stimates

Minimum 0.0101 Mean 0.0191

Maximum 0.032 Median 0.0177

SD 0.00648 CV 0.34

k hat (MLE) 9.91 k s star (bias corrrected MLE) 7.004

Thetta hat (MLE) 0.00192 Theta s star (bias corrrected MLE) 0.00272

nnu hat (MLE) 198.2 nu star (bia  s corrected) 140.1

Adjusted  Level of Signnificance (β) 0.0267

Approoximate Chi S Square Value e (140.08, α) 113.7 Addjusted Chi S Square Value e (140.08, β) 109.6

995% Gamma  Approximate e UCL (use w when n>=50) 0.0235 95% Gamma Adjusteed UCL (use  when n<50) N/A

Mean (KM) 0.0194 SD (KM) 0.00498

Vaariance (KM) 2.4840E-5 SE of  f Mean (KM) 0.00193

k hat (KM) 15.15 k star (KM) 10.67

nu hat (KM) 303 nnu star (KM) 213.5

theeta hat (KM) 0.00128 theeta star (KM) 0.00182

80% % gamma perccentile (KM) 0.0241 90% % gamma perccentile (KM) 0.0273

95% % gamma perccentile (KM) 0.0301 99% % gamma perccentile (KM) 0.0358

Approoximate Chi S Square Value e (213.45, α) 180.6 Addjusted Chi S Square Value e (213.45, β) 175.4

95%  Gamma Appproximate KMM-UCL (use w when n>=50) 0.0229 95% Gamma a Adjusted K M-UCL (use  when n<50) 0.0236

Shhapiro Wilk T Test Statistic 0.962

5% Sh hapiro Wilk C Critical Value 0.767 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel
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Lilliefors T Test Statistic 0.256

5%% Lilliefors C Critical Value 0.425 Deteected Data ap ppear Lognorrmal at 5% S ignificance L evel

Mean in Or riginal Scale 0.0193 Mean i   n Log Scale -3.987

SD in Or riginal Scale 0.00605 SD i   n Log Scale 0.298

95% t U  UCL (assumes s normality o   of ROS data) 0.0228 95% P Percentile Boootstrap UCL 0.0227

995% BCA Bootstrap UCL 0.0229 95% Boottstrap t UCL 0.0243

95% H-UCL L (Log ROS) 0.0236

KM Me ean (logged) -3.969 KM M Geo Mean 0.0189

KM S SD (logged) 0.217 95% C Critical H Valuue (KM-Log) 1.896

KM Standar  d Error of Me ean (logged) 0.0839 95% H-UCL (KM -Log) 0.0222

KM S SD (logged) 0.217 95% C Critical H Valuue (KM-Log) 1.896

KM Standar  d Error of Me ean (logged) 0.0839

Mean in Or riginal Scale 0.0145 Mean i   n Log Scale -4.34

SD in Or riginal Scale 0.00807 SD i   n Log Scale 0.453

95% t U  UCL (Assumees normality) 0.0192 95%  H-Stat UCL 0.02

95%  KM (t) UCL 0.0229

Noote: Suggesttions regardinng the selectiion of a 95%  UCL are pro ovided to help p the user to   select the m most appropriaate 95% UCLL.

Recommendattions are bassed upon data a size, data d distribution, a and skewnesss.

TThese recommendations a are based up pon the results of the simulation studiees summarized in Singh,  Maichle, and d Lee (2006).

Howwever, simulaations results  will not coveer all Real W World data setts; for additional insight th he user may w want to consult a statisticcian.
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Appendix I Contents

Former Wolff‐Alport Chemical Company Site

Ridgewood, Queens, County, New York

I‐1 Comparison of Reporting Limits to Screening Levels for Nondetected Chemicals, Surface Soil (0 ‐ 2 ft bgs)
I‐2 Comparison of Reporting Limits to Screening Levels for Nondetected Chemicals, Soil (0 ‐ 10 ft bgs)
I‐3 Comparison of Reporting Limits to Screening Levels for Nondetected Chemicals, Groundwater



Scenario Timeframe:  Current/Future

Medium:  Site Soil

Exposure Medium:  Surface Soil  0-2 ft bgs

 

Surface Soil Volatile Organic Compounds  
71-55-6 1,1,1-Trichloroethane 0 / 19 4 - 7.5 µg/kg 810000 ns No
79-34-5 1,1,2,2-Tetrachloroethane 0 / 19 4 - 7.5 µg/kg 600 c No
76-13-1 1,1,2-Trichloro-1,2,2-Trifluoroethane 0 / 19 4 - 7.5 µg/kg 4000000 ns No
79-00-5 1,1,2-Trichloroethane 0 / 19 4 - 7.5 µg/kg 150 n No
75-34-3 1,1-Dichloroethane 0 / 19 4 - 7.5 µg/kg 3600 c No
75-35-4 1,1-Dichloroethene 0 / 19 4 - 7.5 µg/kg 23000 n No
87-61-6 1,2,3-Trichlorobenzene 0 / 19 4 - 7.5 µg/kg 6300 n No
120-82-1 1,2,4-Trichlorobenzene 0 / 19 4 - 7.5 µg/kg 5800 n No
96-12-8 1,2-Dibromo-3-Chloropropane 0 / 19 4 - 7.5 µg/kg 5.3 c* Yes
106-93-4 1,2-Dibromoethane 0 / 19 4 - 7.5 µg/kg 36 c No
95-50-1 1,2-Dichlorobenzene 0 / 19 4 - 7.5 µg/kg 180000 n No
107-06-2 1,2-Dichloroethane 0 / 19 4 - 7.5 µg/kg 460 c** No
78-87-5 1,2-Dichloropropane 0 / 19 4 - 7.5 µg/kg 1000 c** No
541-73-1 1,3-Dichlorobenzene 0 / 19 4 - 7.5 µg/kg NL  No
106-46-7 1,4-Dichlorobenzene 0 / 19 4 - 7.5 µg/kg 2600 c No
123-91-1 1,4-Dioxane 0 / 19 40 - 75 µg/kg 5300 c* No
591-78-6 2-Hexanone 0 / 19 8 - 15 µg/kg 20000 n No
108-10-1 4-Methyl-2-Pentanone 0 / 19 8 - 15 µg/kg 3300000 n No
71-43-2 Benzene 0 / 19 4 - 7.5 µg/kg 1200 c** No

74-97-5 Bromochloromethane 0 / 19 4 - 7.5 µg/kg 15000 n No

75-27-4 Bromodichloromethane 0 / 19 4 - 7.5 µg/kg 290 c No

75-25-2 Bromoform 0 / 19 4 - 7.5 µg/kg 19000 c** No

74-83-9 Bromomethane 0 / 19 4 - 7.5 µg/kg 680 n No
75-15-0 Carbon Disulfide 0 / 19 4 - 7.5 µg/kg 77000 n No
56-23-5 Carbon Tetrachloride 0 / 19 4 - 7.5 µg/kg 650 c* No
108-90-7 Chlorobenzene 0 / 19 4 - 7.5 µg/kg 28000 n No
75-00-3 Chloroethane 0 / 19 4 - 7.5 µg/kg 1400000 n No
74-87-3 Chloromethane 0 / 19 4 - 7.5 µg/kg 11000 n No
156-59-2 cis-1,2-Dichloroethene 0 / 19 4 - 7.5 µg/kg 16000 n No
10061-01-5 cis-1,3-Dichloropropene 0 / 19 4 - 7.5 µg/kg 1800 c** No
110-82-7 Cyclohexane 0 / 19 4 - 7.5 µg/kg 650000 ns No
124-48-1 Dibromochloromethane 0 / 19 4 - 7.5 µg/kg 8300 c* No
75-71-8 Dichlorodifluoromethane 0 / 19 4 - 7.5 µg/kg 8700 n No
100-41-4 Ethylbenzene 0 / 19 4 - 7.5 µg/kg 5800 c* No
98-82-8 Isopropylbenzene 0 / 19 4 - 7.5 µg/kg 190000 n No
179601-23-1 m,p-Xylene 0 / 19 4 - 7.5 µg/kg NL  No
79-20-9 Methyl Acetate 0 / 19 4 - 7.5 µg/kg 7800000 n No
1634-04-4 Methyl Tert-Butyl Ether 0 / 19 4 - 7.5 µg/kg 47000 c* No
108-87-2 Methylcyclohexane 0 / 19 4 - 7.5 µg/kg NL  No
75-09-2 Methylene Chloride 0 / 19 4 - 7.5 µg/kg 35000 n No
95-47-6 o-Xylene 0 / 19 4 - 7.5 µg/kg 65000 n No
100-42-5 Styrene 0 / 19 4 - 7.5 µg/kg 600000 n No
156-60-5 Trans-1,2-Dichloroethene 0 / 19 4 - 7.5 µg/kg 160000 n No
10061-02-6 trans-1,3-Dichloropropene 0 / 19 4 - 7.5 µg/kg NL  No
79-01-6 Trichloroethene 0 / 19 4 - 7.5 µg/kg 410 n No
75-69-4 Trichlorofluoromethane 0 / 19 4 - 7.5 µg/kg 2300000 ns No
75-01-4 Vinyl Chloride 0 / 19 4 - 7.5 µg/kg 59 c No
Semi-volatile Organic Compounds
95-94-3 1,2,4,5-Tetrachlorobenzene 0 / 19 35 - 410 µg/kg 2300 n No
95-95-4 2,4,5-Trichlorophenol 0 / 19 35 - 410 µg/kg 630000 n No
88-06-2 2,4,6-Trichlorophenol 0 / 19 35 - 410 µg/kg 6300 n No
120-83-2 2,4-Dichlorophenol 0 / 19 35 - 410 µg/kg 19000 n No
105-67-9 2,4-Dimethylphenol 0 / 19 35 - 410 µg/kg 130000 n No
51-28-5 2,4-Dinitrophenol 0 / 19 180 - 2100 µg/kg 13000 n No
121-14-2 2,4-Dinitrotoluene 0 / 19 71 - 830 µg/kg 1700 c** No
606-20-2 2,6-Dinitrotoluene 0 / 19 71 - 830 µg/kg 360 c** Yes
91-58-7 2-Chloronaphthalene 0 / 19 35 - 410 µg/kg 480000 n No
95-57-8 2-Chlorophenol 0 / 19 35 - 410 µg/kg 39000 n No
95-48-7 2-Methylphenol 0 / 19 35 - 410 µg/kg 320000 n No
88-74-4 2-Nitroaniline 0 / 19 71 - 830 µg/kg 63000 n No
88-75-5 2-Nitrophenol 0 / 19 71 - 830 µg/kg NL  No
91-94-1 3,3'-Dichlorobenzidine 0 / 19 180 - 2100 µg/kg 1200 c Yes
99-09-2 3-Nitroaniline 0 / 19 71 - 830 µg/kg NL  No
534-52-1 4,6-Dinitro-2-Methylphenol 0 / 19 180 - 2100 µg/kg 510 n Yes

Chemical

TABLE I-1
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Scenario Timeframe:  Current/Future

Medium:  Site Soil

Exposure Medium:  Surface Soil  0-2 ft bgs

 

Chemical

TABLE I-1

COMPARISON OF REPORTING LIMITS TO SCREENING LEVELS FOR NONDETECTED CHEMICALS

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, County, New York

Is Reporting 
Limit > 

Screening 
Level

Detection 
Frequency

Range of 
Reporting Limit

Screening 
Toxicity Value 

(n/c) (1)

Exposure 
Point

CAS No. Unit

101-55-3 4-Bromophenyl-Phenylether 0 / 19 35 - 410 µg/kg NL  No
59-50-7 4-Chloro-3-Methylphenol 0 / 19 35 - 410 µg/kg 630000 n No
106-47-8 4-Chloroaniline 0 / 19 35 - 410 µg/kg 2700 c** No
7005-72-3 4-Chlorophenyl-Phenylether 0 / 19 35 - 410 µg/kg NL  No
106-44-5 4-Methylphenol 0 / 19 71 - 830 µg/kg 630000 n No
100-01-6 4-Nitroaniline 0 / 19 71 - 830 µg/kg 25000 n No
100-02-7 4-Nitrophenol 0 / 19 180 - 2100 µg/kg NL  No
98-86-2 Acetophenone 0 / 19 35 - 410 µg/kg 780000 n No
1912-24-9 Atrazine 0 / 19 35 - 410 µg/kg 2400 c* No
111-91-1 Bis(2-Chloroethoxy)Methane 0 / 19 35 - 410 µg/kg 19000 n No
111-44-4 Bis(2-Chloroethyl) Ether 0 / 19 35 - 410 µg/kg 230 c Yes
108-60-1 Bis-Chloroisopropyl Ether 0 / 19 35 - 410 µg/kg 310000 n No
105-60-2 Caprolactam 0 / 19 35 - 410 µg/kg 3100000 n No
58-90-2 Chlorophenols 0 / 19 71 - 830 µg/kg 190000 n No
53-70-3 Dibenzo(a,h)anthracene 0 / 19 7.1 - 83 µg/kg 16 c Yes
84-66-2 Diethylphthalate 0 / 19 35 - 410 µg/kg 5100000 n No
131-11-3 Dimethylphthalate 0 / 19 35 - 410 µg/kg NL  No
118-74-1 Hexachlorobenzene 0 / 19 35 - 410 µg/kg 210 c* Yes
87-68-3 Hexachlorobutadiene 0 / 19 35 - 410 µg/kg 1200 c** No
77-47-4 Hexachlorocyclopentadiene 0 / 19 180 - 19000 µg/kg 180 n Yes
67-72-1 Hexachloroethane 0 / 19 35 - 410 µg/kg 1800 c** No
78-59-1 Isophorone 0 / 19 35 - 410 µg/kg 570000 c** No
98-95-3 Nitrobenzene 0 / 19 35 - 410 µg/kg 5100 c** No
621-64-7 N-Nitroso-Di-N-Propylamine 0 / 19 35 - 410 µg/kg 78 c Yes
86-30-6 N-Nitrosodiphenylamine 0 / 19 35 - 410 µg/kg 110000 c No
87-86-5 Pentachlorophenol 0 / 19 180 - 2100 µg/kg 1000 c* Yes
108-95-2 Phenol 0 / 19 35 - 410 µg/kg 1900000 n No
Pesticides/Polychlorinated Biphenyls
72-54-8 4,4'-DDD 0 / 19 1 - 1100 µg/kg 2300 c No
72-55-9 4,4'-DDE 0 / 19 1 - 1100 µg/kg 2000 c No
309-00-2 Aldrin 0 / 19 1 - 1100 µg/kg 39 c** Yes
319-84-6 Alpha-BHC 0 / 19 1 - 1100 µg/kg 86 c Yes
12674-11-2 Aroclor 1016 0 / 19 10 - 5500 µg/kg 410 n Yes
11104-28-2 Aroclor 1221 0 / 19 10 - 5500 µg/kg 200 c Yes
11141-16-5 Aroclor 1232 0 / 19 10 - 5500 µg/kg 170 c Yes
53469-21-9 Aroclor 1242 0 / 19 10 - 5500 µg/kg 230 c Yes
12672-29-6 Aroclor 1248 0 / 19 10 - 5500 µg/kg 230 c Yes
11097-69-1 Aroclor 1254 0 / 19 10 - 5500 µg/kg 120 n Yes
37324-23-5 Aroclor 1262 0 / 19 10 - 5500 µg/kg NL  No
11100-14-4 Aroclor 1268 0 / 19 10 - 5500 µg/kg NL  No
319-85-7 Beta-BHC 0 / 19 1 - 1100 µg/kg 300 c Yes
959-98-8 Endosulfan I 0 / 19 1 - 1100 µg/kg NL  No
33213-65-9 Endosulfan II 0 / 19 1 - 1100 µg/kg NL  No
58-89-9 Gamma-BHC (Lindane) 0 / 19 1 - 1100 µg/kg 570 c** Yes
1024-57-3 Heptachlor Epoxide 0 / 19 1 - 1100 µg/kg 70 c** Yes
8001-35-2 Toxaphene 0 / 19 10 - 11000 µg/kg 490 c Yes
Inorganics
7440-36-0 Antimony 0 / 19 1 - 11 mg/kg 3.1 n Yes
7440-22-4 Silver 0 / 19 0.5 - 5.7 mg/kg 39 n No
7440-28-0 Thallium 0 / 19 2.5 - 28 mg/kg 0.078 n Yes

(1) Regional Screening Levels, May 2016, for residential soil, adjusted to a cancer risk of 1×10 -6 and 

hazard quotient of 0.1. http://www.epa.gov/region09/waste/sfund/prg/index.html

n = screening toxicity value based on noncancer effects

c = screening toxicity value based on cancer effects

s = concentration may exceed saturation concentration 
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Scenario Timeframe:  Future

Medium:  Site Soil

Exposure Medium:  Soil 0-10 ft bgs 

 Soil Volatile Organic Compounds
71-55-6 1,1,1-Trichloroethane 0 / 30 4 - 2200 µg/kg 810000 ns No
79-34-5 1,1,2,2-Tetrachloroethane 0 / 30 4 - 2200 µg/kg 600 c Yes
76-13-1 1,1,2-Trichloro-1,2,2-Trifluoroethane 0 / 30 4 - 2200 µg/kg 4000000 ns No
79-00-5 1,1,2-Trichloroethane 0 / 30 4 - 2200 µg/kg 150 n Yes
75-34-3 1,1-Dichloroethane 0 / 30 4 - 2200 µg/kg 3600 c No
75-35-4 1,1-Dichloroethene 0 / 30 4 - 2200 µg/kg 23000 n No
87-61-6 1,2,3-Trichlorobenzene 0 / 30 4 - 2200 µg/kg 6300 n No
120-82-1 1,2,4-Trichlorobenzene 0 / 30 4 - 2200 µg/kg 5800 n No
96-12-8 1,2-Dibromo-3-Chloropropane 0 / 30 4 - 2200 µg/kg 5.3 c* Yes
106-93-4 1,2-Dibromoethane 0 / 30 4 - 2200 µg/kg 36 c Yes
95-50-1 1,2-Dichlorobenzene 0 / 30 4 - 2200 µg/kg 180000 n No
107-06-2 1,2-Dichloroethane 0 / 30 4 - 2200 µg/kg 460 c** Yes
78-87-5 1,2-Dichloropropane 0 / 30 4 - 2200 µg/kg 1000 c** Yes
541-73-1 1,3-Dichlorobenzene 0 / 30 4 - 2200 µg/kg NL  No
106-46-7 1,4-Dichlorobenzene 0 / 30 4 - 2200 µg/kg 2600 c No
123-91-1 1,4-Dioxane 0 / 30 40 - 22000 µg/kg 5300 c* Yes
591-78-6 2-Hexanone 0 / 30 8 - 4400 µg/kg 20000 n No
108-10-1 4-Methyl-2-Pentanone 0 / 30 8 - 4400 µg/kg 3300000 n No
71-43-2 Benzene 0 / 30 4 - 2200 µg/kg 1200 c** Yes

74-97-5 Bromochloromethane 0 / 30 4 - 2200 µg/kg 15000 n No

75-27-4 Bromodichloromethane 0 / 30 4 - 2200 µg/kg 290 c Yes

75-25-2 Bromoform 0 / 30 4 - 2200 µg/kg 19000 c** No

74-83-9 Bromomethane 0 / 30 4 - 2200 µg/kg 680 n Yes
75-15-0 Carbon Disulfide 0 / 30 4 - 2200 µg/kg 77000 n No
56-23-5 Carbon Tetrachloride 0 / 30 4 - 2200 µg/kg 650 c* Yes
108-90-7 Chlorobenzene 0 / 30 4 - 2200 µg/kg 28000 n No
75-00-3 Chloroethane 0 / 30 4 - 2200 µg/kg 1400000 n No
74-87-3 Chloromethane 0 / 30 4 - 2200 µg/kg 11000 n No
156-59-2 cis-1,2-Dichloroethene 0 / 30 4 - 2200 µg/kg 16000 n No
10061-01-5 cis-1,3-Dichloropropene 0 / 30 4 - 2200 µg/kg 1800 c** Yes
124-48-1 Dibromochloromethane 0 / 30 4 - 2200 µg/kg 8300 c* No
75-71-8 Dichlorodifluoromethane 0 / 30 4 - 2200 µg/kg 8700 n No
79-20-9 Methyl Acetate 0 / 30 4 - 2200 µg/kg 7800000 n No
1634-04-4 Methyl Tert-Butyl Ether 0 / 30 4 - 2200 µg/kg 47000 c* No
75-09-2 Methylene Chloride 0 / 30 4 - 2200 µg/kg 35000 n No
100-42-5 Styrene 0 / 30 4 - 2200 µg/kg 600000 n No
156-60-5 Trans-1,2-Dichloroethene 0 / 30 4 - 2200 µg/kg 160000 n No
10061-02-6 trans-1,3-Dichloropropene 0 / 30 4 - 2200 µg/kg NL  No
79-01-6 Trichloroethene 0 / 30 4 - 2200 µg/kg 410 n Yes
75-69-4 Trichlorofluoromethane 0 / 30 4 - 2200 µg/kg 2300000 ns No
75-01-4 Vinyl Chloride 0 / 30 4 - 2200 µg/kg 59 c Yes
Semi-volatile Organic Compounds
95-94-3 1,2,4,5-Tetrachlorobenzene 0 / 30 34 - 9200 µg/kg 2300 n Yes
95-95-4 2,4,5-Trichlorophenol 0 / 30 34 - 9200 µg/kg 630000 n No
88-06-2 2,4,6-Trichlorophenol 0 / 30 34 - 9200 µg/kg 6300 n Yes
120-83-2 2,4-Dichlorophenol 0 / 30 34 - 9200 µg/kg 19000 n No
105-67-9 2,4-Dimethylphenol 0 / 30 34 - 9200 µg/kg 130000 n No
51-28-5 2,4-Dinitrophenol 0 / 30 180 - 47000 µg/kg 13000 n Yes
121-14-2 2,4-Dinitrotoluene 0 / 30 69 - 19000 µg/kg 1700 c** Yes
606-20-2 2,6-Dinitrotoluene 0 / 30 69 - 19000 µg/kg 360 c** Yes
91-58-7 2-Chloronaphthalene 0 / 30 34 - 9200 µg/kg 480000 n No
95-57-8 2-Chlorophenol 0 / 30 34 - 9200 µg/kg 39000 n No
95-48-7 2-Methylphenol 0 / 30 34 - 9200 µg/kg 320000 n No
88-74-4 2-Nitroaniline 0 / 30 69 - 19000 µg/kg 63000 n No
88-75-5 2-Nitrophenol 0 / 30 69 - 19000 µg/kg NL  No
91-94-1 3,3'-Dichlorobenzidine 0 / 30 180 - 47000 µg/kg 1200 c Yes
99-09-2 3-Nitroaniline 0 / 30 69 - 19000 µg/kg NL  No
534-52-1 4,6-Dinitro-2-Methylphenol 0 / 30 180 - 47000 µg/kg 510 n Yes
101-55-3 4-Bromophenyl-Phenylether 0 / 30 34 - 9200 µg/kg NL  No
59-50-7 4-Chloro-3-Methylphenol 0 / 30 34 - 9200 µg/kg 630000 n No
106-47-8 4-Chloroaniline 0 / 30 34 - 9200 µg/kg 2700 c** Yes
7005-72-3 4-Chlorophenyl-Phenylether 0 / 30 34 - 9200 µg/kg NL  No
106-44-5 4-Methylphenol 0 / 30 69 - 19000 µg/kg 630000 n No
100-01-6 4-Nitroaniline 0 / 30 69 - 19000 µg/kg 25000 n No
100-02-7 4-Nitrophenol 0 / 30 180 - 47000 µg/kg NL  No

Chemical
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Scenario Timeframe:  Future

Medium:  Site Soil

Exposure Medium:  Soil 0-10 ft bgs 

Chemical

Is Reporting 
Limit > 

Screening 
Level

TABLE I-2

COMPARISON OF REPORTING LIMITS TO SCREENING LEVELS FOR NONDETECTED CHEMICALS

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, County, New York

Detection 
Frequency

Range of 
Reporting Limit

Screening 
Toxicity Value 

(n/c) (2)

Exposure 
Point

CAS No. Unit

98-86-2 Acetophenone 0 / 30 34 - 9200 µg/kg 780000 n No
1912-24-9 Atrazine 0 / 30 34 - 9200 µg/kg 2400 c* Yes
111-91-1 Bis(2-Chloroethoxy)Methane 0 / 30 34 - 9200 µg/kg 19000 n No
111-44-4 Bis(2-Chloroethyl) Ether 0 / 30 34 - 9200 µg/kg 230 c Yes
108-60-1 Bis-Chloroisopropyl Ether 0 / 30 34 - 9200 µg/kg 310000 n No
105-60-2 Caprolactam 0 / 30 34 - 9200 µg/kg 3100000 n No
58-90-2 Chlorophenols 0 / 30 69 - 19000 µg/kg 190000 n No
84-66-2 Diethylphthalate 0 / 30 34 - 9200 µg/kg 5100000 n No
131-11-3 Dimethylphthalate 0 / 30 34 - 9200 µg/kg NL  No
118-74-1 Hexachlorobenzene 0 / 30 34 - 9200 µg/kg 210 c* Yes
87-68-3 Hexachlorobutadiene 0 / 30 34 - 9200 µg/kg 1200 c** Yes
77-47-4 Hexachlorocyclopentadiene 0 / 30 180 - 47000 µg/kg 180 n Yes
67-72-1 Hexachloroethane 0 / 30 34 - 9200 µg/kg 1800 c** Yes
78-59-1 Isophorone 0 / 30 34 - 9200 µg/kg 570000 c** No
98-95-3 Nitrobenzene 0 / 30 34 - 9200 µg/kg 5100 c** Yes
621-64-7 N-Nitroso-Di-N-Propylamine 0 / 30 34 - 9200 µg/kg 78 c Yes
86-30-6 N-Nitrosodiphenylamine 0 / 30 34 - 9200 µg/kg 110000 c No
87-86-5 Pentachlorophenol 0 / 30 180 - 47000 µg/kg 1000 c* Yes
108-95-2 Phenol 0 / 30 34 - 9200 µg/kg 1900000 n No
Pesticides/Polychlorinated Biphenyls    
72-54-8 4,4'-DDD 0 / 30 0.97 - 1100 µg/kg 2300 c No
72-55-9 4,4'-DDE 0 / 30 0.97 - 1100 µg/kg 2000 c No
309-00-2 Aldrin 0 / 30 0.97 - 1100 µg/kg 39 c** Yes
12674-11-2 Aroclor 1016 0 / 30 9.7 - 5500 µg/kg 410 n Yes
11104-28-2 Aroclor 1221 0 / 30 9.7 - 5500 µg/kg 200 c Yes
11141-16-5 Aroclor 1232 0 / 30 9.7 - 5500 µg/kg 170 c Yes
53469-21-9 Aroclor 1242 0 / 30 9.7 - 5500 µg/kg 230 c Yes
12672-29-6 Aroclor 1248 0 / 30 9.7 - 5500 µg/kg 230 c Yes
11097-69-1 Aroclor 1254 0 / 30 9.7 - 5500 µg/kg 120 n Yes
37324-23-5 Aroclor 1262 0 / 30 9.7 - 5500 µg/kg NL  No
11100-14-4 Aroclor 1268 0 / 30 9.7 - 5500 µg/kg NL  No
319-85-7 Beta-BHC 0 / 30 0.97 - 1100 µg/kg 300 c Yes
959-98-8 Endosulfan I 0 / 30 0.97 - 1100 µg/kg NL  No
33213-65-9 Endosulfan II 0 / 30 0.97 - 1100 µg/kg NL  No
58-89-9 Gamma-BHC (Lindane) 0 / 30 0.97 - 1100 µg/kg 570 c** Yes
1024-57-3 Heptachlor Epoxide 0 / 30 0.97 - 1100 µg/kg 70 c** Yes
8001-35-2 Toxaphene 0 / 30 9.7 - 11000 µg/kg 490 c Yes
Inorganics    
7440-36-0 Antimony 0 / 30 0.99 - 11 mg/kg 3.1 n Yes
7440-22-4 Silver 0 / 30 0.49 - 5.7 mg/kg 39 n No
7440-28-0 Thallium 0 / 30 2.5 - 28 mg/kg 0.078 n Yes

(1) Regional Screening Levels, May 2016, for residential soil, adjusted to a cancer risk of 1×10 -6 and 

hazard quotient of 0.1. http://www.epa.gov/region09/waste/sfund/prg/index.html

n = screening toxicity value based on noncancer effects

c = screening toxicity value based on cancer effects

s = concentration may exceed saturation concentration 

µg/kg = microgram per kilogram
mg/kg = milligram per kilogram
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Scenario Timeframe:  Future

Medium:  Groundwater

Exposure Medium:  Groundwater

Groundwater Volatile Organic Compounds

79-34-5 1,1,2,2-Tetrachloroethane 0 / 10 1 - 5 µg/L 0.076 c Yes
76-13-1 1,1,2-Trichloro-1,2,2-Trifluoroethane 0 / 10 1 - 5 µg/L 5500 n No
79-00-5 1,1,2-Trichloroethane 0 / 10 1 - 5 µg/L 0.041 n Yes
75-34-3 1,1-Dichloroethane 0 / 10 1 - 5 µg/L 2.8 c Yes
75-35-4 1,1-Dichloroethene 0 / 10 1 - 5 µg/L 28 n No
87-61-6 1,2,3-Trichlorobenzene 0 / 10 1 - 5 µg/L 0.7 n Yes
120-82-1 1,2,4-Trichlorobenzene 0 / 10 1 - 5 µg/L 0.4 n Yes
96-12-8 1,2-Dibromo-3-Chloropropane 0 / 10 1 - 5 µg/L 0.00033 c Yes
106-93-4 1,2-Dibromoethane 0 / 10 1 - 5 µg/L 0.0075 c Yes
95-50-1 1,2-Dichlorobenzene 0 / 10 1 - 5 µg/L 30 n No
107-06-2 1,2-Dichloroethane 0 / 10 1 - 5 µg/L 0.17 c** Yes
78-87-5 1,2-Dichloropropane 0 / 10 1 - 5 µg/L 0.44 c** Yes
541-73-1 1,3-Dichlorobenzene 0 / 10 1 - 5 µg/L NL No
542-75-6 1,3-Dichloropropylene 0 / 10 NA - NA µg/L 0.47 c** Yes
106-46-7 1,4-Dichlorobenzene 0 / 10 1 - 5 µg/L 0.48 c Yes
123-91-1 1,4-Dioxane 0 / 10 100 - 200 µg/L 0.46 c* Yes
78-93-3 2-Butanone 0 / 10 10 - 50 µg/L 560 n No
591-78-6 2-Hexanone 0 / 10 10 - 50 µg/L 3.8 n Yes
108-10-1 4-Methyl-2-Pentanone 0 / 10 10 - 50 µg/L 630 n No
67-64-1 Acetone 0 / 10 100 - 200 µg/L 1400 n No
71-43-2 Benzene 0 / 10 1 - 5 µg/L 0.46 c** Yes
74-97-5 Bromochloromethane 0 / 10 1 - 5 µg/L 8.3 n No
75-27-4 Bromodichloromethane 0 / 10 1 - 5 µg/L 0.13 c Yes
75-25-2 Bromoform 0 / 10 1 - 5 µg/L 3.3 c* Yes
74-83-9 Bromomethane 0 / 10 10 - 20 µg/L 0.75 n Yes
75-15-0 Carbon Disulfide 0 / 10 1 - 5 µg/L 81 n No
56-23-5 Carbon Tetrachloride 0 / 10 1 - 5 µg/L 0.46 c* Yes
108-90-7 Chlorobenzene 0 / 10 1 - 5 µg/L 7.8 n No
75-00-3 Chloroethane 0 / 10 10 - 20 µg/L 2100 n No
74-87-3 Chloromethane 0 / 10 1 - 5 µg/L 19 n No
10061-01-5 cis-1,3-Dichloropropene 0 / 10 1 - 5 µg/L NL No
110-82-7 Cyclohexane 0 / 10 1 - 5 µg/L 1300 n No
124-48-1 Dibromochloromethane 0 / 10 1 - 5 µg/L 0.87 c* Yes
75-71-8 Dichlorodifluoromethane 0 / 10 10 - 20 µg/L 20 n No
100-41-4 Ethylbenzene 0 / 10 1 - 5 µg/L 1.5 c* Yes
98-82-8 Isopropylbenzene 0 / 10 1 - 5 µg/L 45 n No
179601-23-1 m,p-Xylene 0 / 10 1 - 5 µg/L NL No
79-20-9 Methyl Acetate 0 / 10 1 - 5 µg/L 2000 n No
1634-04-4 Methyl Tert-Butyl Ether 0 / 10 1 - 5 µg/L 14 c* No
108-87-2 Methylcyclohexane 0 / 10 25 - 50 µg/L NL No
75-09-2 Methylene Chloride 0 / 10 1 - 5 µg/L 11 n No
95-47-6 o-Xylene 0 / 10 1 - 5 µg/L 19 n No
100-42-5 Styrene 0 / 10 1 - 5 µg/L 120 n No
108-88-3 Toluene 0 / 10 1 - 5 µg/L 110 n No
156-60-5 Trans-1,2-Dichloroethene 0 / 10 1 - 5 µg/L 36 n No
10061-02-6 trans-1,3-Dichloropropene 0 / 10 1 - 5 µg/L NL No
75-69-4 Trichlorofluoromethane 0 / 10 1 - 5 µg/L 520 n No
75-01-4 Vinyl Chloride 0 / 10 1 - 5 µg/L 0.019 c Yes

TABLE I-3

COMPARISON OF REPORTING LIMITS TO SCREENING LEVELS FOR NONDETECTED CHEMICALS

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, County, New York
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Scenario Timeframe:  Future

Medium:  Groundwater

Exposure Medium:  Groundwater

TABLE I-3

COMPARISON OF REPORTING LIMITS TO SCREENING LEVELS FOR NONDETECTED CHEMICALS

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, County, New York

Exposure 
Point

CAS No. Chemical
Rationale for 
Selection or 

Deletion (3)

Detection 
Frequency

Range of 
Reporting Limit

Screening 
Toxicity Value 

(n/c) (1)
Unit

 Semi-volatile Organic Compounds
92-52-4 1,1'-Biphenyl 0 / 10 1 - 1 µg/L 0.083 n Yes
95-94-3 1,2,4,5-Tetrachlorobenzene 0 / 10 1 - 1 µg/L 0.17 n Yes
95-95-4 2,4,5-Trichlorophenol 0 / 10 1 - 1 µg/L 120 n No
88-06-2 2,4,6-Trichlorophenol 0 / 10 1 - 1 µg/L 1.2 n No
120-83-2 2,4-Dichlorophenol 0 / 10 1 - 1 µg/L 4.6 n No
105-67-9 2,4-Dimethylphenol 0 / 10 1 - 1 µg/L 36 n No
51-28-5 2,4-Dinitrophenol 0 / 10 5 - 5 µg/L 3.9 n Yes
121-14-2 2,4-Dinitrotoluene 0 / 10 2 - 2 µg/L 0.24 c* Yes
606-20-2 2,6-Dinitrotoluene 0 / 10 2 - 2 µg/L 0.049 c* Yes
91-58-7 2-Chloronaphthalene 0 / 10 1 - 1 µg/L 75 n No
95-57-8 2-Chlorophenol 0 / 10 1 - 1 µg/L 9.1 n No
91-57-6 2-Methylnaphthalene 0 / 10 0.2 - 0.2 µg/L 3.6 n No
88-74-4 2-Nitroaniline 0 / 10 2 - 2 µg/L 19 n No
88-75-5 2-Nitrophenol 0 / 10 2 - 2 µg/L NL No
91-94-1 3,3'-Dichlorobenzidine 0 / 10 5 - 5 µg/L 0.13 c Yes
99-09-2 3-Nitroaniline 0 / 10 2 - 2 µg/L NL No
534-52-1 4,6-Dinitro-2-Methylphenol 0 / 10 5 - 5 µg/L 0.15 n Yes
101-55-3 4-Bromophenyl-Phenylether 0 / 10 1 - 1 µg/L NL No
59-50-7 4-Chloro-3-Methylphenol 0 / 10 1 - 1 µg/L 140 n No
106-47-8 4-Chloroaniline 0 / 10 1 - 1 µg/L 0.37 c* Yes
7005-72-3 4-Chlorophenyl-Phenylether 0 / 10 1 - 1 µg/L NL No
106-44-5 4-Methylphenol 0 / 10 2 - 2 µg/L 190 n No
100-01-6 4-Nitroaniline 0 / 10 2 - 2 µg/L 3.8 c** No
100-02-7 4-Nitrophenol 0 / 10 5 - 5 µg/L NL No
83-32-9 Acenaphthene 0 / 10 0.2 - 0.2 µg/L 53 n No
208-96-8 Acenaphthylene 0 / 10 0.2 - 0.2 µg/L NL No
98-86-2 Acetophenone 0 / 10 1 - 1 µg/L 190 n No
1912-24-9 Atrazine 0 / 10 1 - 1 µg/L 0.3 c Yes
100-52-7 Benzaldehyde 0 / 10 5 - 5 µg/L 19 c* No

 56-55-3 Benzo(a)anthracene 0 / 10 0.2 - 0.2 µg/L 0.012 c Yes
50-32-8 Benzo(a)pyrene 0 / 10 0.2 - 0.2 µg/L 0.0034 c Yes
205-99-2 Benzo(b)fluoranthene 0 / 10 0.2 - 0.2 µg/L 0.034 c Yes
191-24-2 Benzo(g,h,i)perylene 0 / 10 0.2 - 0.2 µg/L NL No
207-08-9 Benzo(k)fluoranthene 0 / 10 0.2 - 0.2 µg/L 0.34 c No
111-91-1 Bis(2-Chloroethoxy)Methane 0 / 10 1 - 1 µg/L 5.9 n No
111-44-4 Bis(2-Chloroethyl) Ether 0 / 10 1 - 1 µg/L 0.014 c Yes
108-60-1 Bis-Chloroisopropyl Ether 0 / 10 1 - 1 µg/L 71 n No
85-68-7 Butylbenzylphthalate 0 / 10 5 - 5 µg/L 16 c* No
86-74-8 Carbazole 0 / 10 1 - 1 µg/L NL No
58-90-2 Chlorophenols 0 / 10 2 - 2 µg/L 24 n No
218-01-9 Chrysene 0 / 10 0.2 - 0.2 µg/L 3.4 c No
53-70-3 Dibenzo(a,h)anthracene 0 / 10 0.2 - 0.2 µg/L 0.0034 c Yes
132-64-9 Dibenzofuran 0 / 10 1 - 1 µg/L 0.79 n Yes
84-66-2 Diethylphthalate 0 / 10 5 - 5 µg/L 1500 n No
131-11-3 Dimethylphthalate 0 / 10 5 - 5 µg/L NL No
84-74-2 Di-N-Butylphthalate 0 / 10 5 - 5 µg/L 90 n No
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Scenario Timeframe:  Future

Medium:  Groundwater

Exposure Medium:  Groundwater

TABLE I-3

COMPARISON OF REPORTING LIMITS TO SCREENING LEVELS FOR NONDETECTED CHEMICALS

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, County, New York

Exposure 
Point

CAS No. Chemical
Rationale for 
Selection or 

Deletion (3)

Detection 
Frequency

Range of 
Reporting Limit

Screening 
Toxicity Value 

(n/c) (1)
Unit

117-84-0 Di-N-Octylphthalate 0 / 10 5 - 5 µg/L 20 n No
86-73-7 Fluorene 0 / 10 0.2 - 0.2 µg/L 29 n No
118-74-1 Hexachlorobenzene 0 / 10 1 - 1 µg/L 0.0098 c Yes
87-68-3 Hexachlorobutadiene 0 / 10 1 - 1 µg/L 0.14 c** Yes
77-47-4 Hexachlorocyclopentadiene 0 / 10 5 - 5 µg/L 0.041 n Yes
67-72-1 Hexachloroethane 0 / 10 1 - 1 µg/L 0.33 c** Yes
193-39-5 Indeno(1,2,3-cd)pyrene 0 / 10 0.2 - 0.2 µg/L 0.034 c Yes
78-59-1 Isophorone 0 / 10 1 - 1 µg/L 78 c** No
91-20-3 Naphthalene 0 / 10 0.2 - 0.2 µg/L 0.17 c** Yes
98-95-3 Nitrobenzene 0 / 10 1 - 1 µg/L 0.14 c** Yes
621-64-7 N-Nitroso-Di-N-Propylamine 0 / 10 1 - 1 µg/L 0.011 c Yes
86-30-6 N-Nitrosodiphenylamine 0 / 10 1 - 1 µg/L 12 c No
87-86-5 Pentachlorophenol 0 / 10 2 - 2 µg/L 0.041 c* Yes
108-95-2 Phenol 0 / 10 1 - 1 µg/L 580 n No
Pesticides/Polychlorinated Biphenyls
72-54-8 4,4'-DDD 0 / 10 0.04 - 0.04 µg/L 0.032 c Yes
72-55-9 4,4'-DDE 0 / 10 0.04 - 0.04 µg/L 0.046 c No
50-29-3 4,4'-DDT 0 / 10 0.04 - 0.04 µg/L 0.23 c** No
309-00-2 Aldrin 0 / 10 0.04 - 0.04 µg/L 0.00092 c* Yes
319-84-6 Alpha-BHC 0 / 10 0.04 - 0.04 µg/L 0.0072 c Yes
12674-11-2 Aroclor 1016 0 / 10 0.4 - 0.4 µg/L 0.14 n Yes
11104-28-2 Aroclor 1221 0 / 10 0.6 - 0.6 µg/L 0.0047 c Yes
11141-16-5 Aroclor 1232 0 / 10 0.4 - 0.4 µg/L 0.0047 c Yes
53469-21-9 Aroclor 1242 0 / 10 0.4 - 0.4 µg/L 0.0078 c Yes
12672-29-6 Aroclor 1248 0 / 10 0.4 - 0.4 µg/L 0.0078 c Yes
11097-69-1 Aroclor 1254 0 / 10 0.4 - 0.4 µg/L 0.0078 c** Yes
11096-82-5 Aroclor 1260 0 / 10 0.4 - 0.4 µg/L 0.0078 c Yes
37324-23-5 Aroclor 1262 0 / 10 0.4 - 0.4 µg/L NL No
11100-14-4 Aroclor 1268 0 / 10 0.4 - 0.4 µg/L NL No
319-85-7 Beta-BHC 0 / 10 0.04 - 0.04 µg/L 0.025 c Yes
319-86-8 Delta-BHC 0 / 10 0.04 - 0.04 µg/L NL No
60-57-1 Dieldrin 0 / 10 0.04 - 0.04 µg/L 0.0018 c* Yes
959-98-8 Endosulfan I 0 / 10 0.04 - 0.04 µg/L NL No
33213-65-9 Endosulfan II 0 / 10 0.04 - 0.04 µg/L NL No
1031-07-8 Endosulfan Sulfate 0 / 10 0.04 - 0.04 µg/L NL No
72-20-8 Endrin 0 / 10 0.04 - 0.04 µg/L 0.23 n No
7421-93-4 Endrin Aldehyde 0 / 10 0.04 - 0.04 µg/L NL No
53494-70-5 Endrin Ketone 0 / 10 0.04 - 0.04 µg/L NL No
58-89-9 Gamma-BHC (Lindane) 0 / 10 0.04 - 0.04 µg/L 0.042 c** No
5103-74-2 Gamma-Chlordane 0 / 10 0.04 - 0.04 µg/L NL No
76-44-8 Heptachlor 0 / 10 0.04 - 0.04 µg/L 0.0014 c* Yes
1024-57-3 Heptachlor Epoxide 0 / 10 0.04 - 0.04 µg/L 0.0014 c** Yes
72-43-5 Methoxychlor 0 / 10 0.16 - 0.16 µg/L 3.7 n No
8001-35-2 Toxaphene 0 / 10 0.4 - 0.4 µg/L 0.071 c Yes
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Scenario Timeframe:  Future

Medium:  Groundwater

Exposure Medium:  Groundwater

TABLE I-3

COMPARISON OF REPORTING LIMITS TO SCREENING LEVELS FOR NONDETECTED CHEMICALS

Former Wolff-Alport Chemical Company Site

Ridgewood, Queens, County, New York

Exposure 
Point

CAS No. Chemical
Rationale for 
Selection or 

Deletion (3)

Detection 
Frequency

Range of 
Reporting Limit

Screening 
Toxicity Value 

(n/c) (1)
Unit

Inorganics
7440-36-0 Antimony 0 / 10 0.02 - 0.02 µg/L 0.00078 n Yes
7440-41-7 Beryllium 0 / 10 0.005 - 0.005 µg/L 0.0025 n Yes
7440-43-9 Cadmium 0 / 10 0.005 - 0.005 µg/L NL  No
7439-92-1 Lead 0 / 10 0.01 - 0.01 µg/L 0.015 L No
7440-22-4 Silver 0 / 10 0.01 - 0.01 µg/L 0.0094 n Yes
7440-28-0 Thallium 0 / 10 0.05 - 0.05 µg/L 0.00002 n Yes
7440-62-2 Vanadium 0 / 10 0.05 - 0.05 µg/L 0.0086 n Yes

(1) Regional Screening Levels, May 2016, for tap water, adjusted to a cancer risk of 1×10 -6 and 
hazard quotient of 0.1. http://www.epa.gov/region09/waste/sfund/prg/index.html
n = screening toxicity value based on noncancer effects
c = screening toxicity value based on cancer effects

µg/L = microgram per liter
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